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PREDMLUVA

Nadory hlavy a krku jsou morfologicky riznorodou skupinou, kterou lze rozd¢lit podle
lokality na nadory dutiny nosni, paranazéalnich sinusti a baze lebni, nadory nazofaryngu,
hypofaryngu, laryngu, trachey a parafaryngealnich prostorti, nadory dutiny tistni a mobilni ¢asti
jazyka, nadory orofaryngu, nddory a nddorim podobné 1éze krku a lymfatickych uzlin, nadory
slinnych zlaz, odontogenni a maxilofacialni kostni naddory, nadory ucha a paraganglionové
tumory. [ pfes dobrou dostupnost vétSiny oblasti hlavy a krku aspekci a
otorhinolaryngologickym vySetfenim, predstavuje velka ¢ast onemocnéni pokrocilé 1éze.
Manipulacni prostor pro chirurga zde nemusi byt vzdy dostateéné ptiznivy, jako je tomu
v jinych mistech. Divodem muze byt naptiklad pfitomnost skeletu, blizkost nervové-cévnich
svazkl a dalSich zivotné dulezitych organd. Snaha odstranit nddor kompletné tak miize mit
mutilujici nasledky.

Morfologicka heterogenita a ptekryvny imunohistochemicky profil nddora hlavy a krku
komplikuje cestu ke kone¢né diagnéze. Rozvojem molekularné genetickych metod doslo
v nedavné dob¢ k vyraznému pokroku v definovani jednotlivych nadorti a nadoriim podobnych
1ézi v oblasti hlavy a krku. Je zfejmé, Ze genetické alterace maji vliv na fenotyp a biologické
chovani nadort.

Doktorska dizertaéni prace se zabyvd morfologii, molekuldrni genetikou a klinickym
chovanim vybranych nadorti hlavy a krku. Nejvétsi pozornost je vénovana vzacnym nadoriim
a nov¢ definovanym nadorovym jednotkam. Podkladem dizertaéni prace jsou 4 prvoautorské
¢lanky, z nichz se vSechny tykaji nadorti hlavy a krku s bliz§im zamétenim predev§im na
patologii slinnych 714z a sinonazalniho traktu. Dizerta¢ni prace je vypracovana formou souhrnu
9 komentovanych publikaci, v§echny prace jsou samostatné kratce predstaveny.

Prvni ¢ast se tyka sekrecniho karcinomu (mammarniho typu), druha ¢ast popisuje ostatni
vybrané nadory a nadorim podobné léze hlavy a krku. Prace jsou fazeny chronologicky,
pfi¢emz prvoautorské prace jsou predfazeny spoluautorskym.
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ABSTRAKT

Doktorskd dizertacni prace se zabyva morfologii, imunohistochemii, molekularni
genetikou a biologickym chovanim nadorii hlavy a krku se zvla$tnim zamétenim na nadory
slinnych zl4z a sinonazalniho traktu, které byly zakladem doktorského studia MUDr. Martiny
Banéckoveé na Lékarské fakulté Univerzity Karlovy v Plzni, v obdobi let 2017-2020. Autorka
se ve své publikac¢ni ¢innosti zaméfila na problematiku vzacnych nadort hlavy a krku. Vysledky
tiiletého vyzkumu jsou prezentovany ve forme¢ komentovaného souhrnu celkem 9 publikaci.
Ctyfi prace vypracovala autorka jako hlavni autor a ve struénosti je zde predstavuje.

Prvni publikovana prvoautorska prace ma nazev ,,Sekre¢ni karcinom mammaéarniho typu
nosni dutiny: Charakteristika 2 piipadd a jejich odliSeni od low-grade sinonazalnich
adenokarcinomtl. V této praci se autorka zabyvala vztahem nové popsané jednotky — sekre¢niho
karcinomu (SC) vnosni dutiné s ETV6-rearanzovanym low-grade sinonazalnim
adenokarcinomem (LG SNAC). Tyto jednotky je nutné od sebe oddélit zejména kvuli
odlisnému biologickému chovani. Low-grade non-intestindlni adenokarcinomy vcetné¢ ETV6-
rearanzovaného LG SNAC se chovaji klinicky ptizniveé, zatimco SC je vétSinou nizce maligni
nador, ale recidivujici, invazivni a potencialné agresivni. SC muize byt pfitomen 1 v oblasti
sinonazalniho traktu, a proto mize napodobovat nejenom noveé definovany ETV6-rearanZzovany
LG SNAC, ale také musi byt diferencialné diagnosticky odliSen od agresivnich intestinalnich
adenokarcinomil (ITAC)a high-grade non-intestinalnich adenokarcinomt (non-ITAC) nosni a
paranazalnich dutin.

Ve druhé praci nazvané ,Imunohistochemickd a genetickd analyza respiracnich
epitelialnich adenomatoidnich hamartomii a seromucindznich hamartomi: jsou tyto jednotky
prekurzorem pro sinonazalni low-grade tubulopapildrni adenokarcinomy?* autorka hodnoti
morfologicky, imunohistochemicky a geneticky profil respiraéniho epitelidlniho
adenomatoidniho hamartomu (REAH) a seromucindzniho hamartomu (SH). Ziskané poznatky
jsou pak porovnany s vySetienim low-grade tubulopapilédrniho adenokarcinomu (LGTA). Bylo
zjisténo, Ze serd6zni komponenta REAH a SH je pozitivni s CK7, MUC1 a SOX10 obdobné jako
je tomu u LGTA. Navic v jednom piipadé SH byla geneticky potvrzena klonalita a v jednom
pfipadé SH byla zjisténa genova fuze EGFR-ZNF267 metodou sekvenovani nové generace
(NGS). SH a REAH jsou samostatné jednotky nesouci piekryvny morfologicky a
imunohistochemicky profil s LGTA. Nejde o zcela indolentni 1éze, jak naznacuje slovo
,hamartom* v jejich nazvu, dle vysledki nasi studie se jedna o potencialni prekurzory jinych
nadort.

Ve treti praci pojmenované ,,Revize solitdrnich fibréznich tumortt hlavy a krku:
ZkuSenosti jedné instituce s 20 pfipady a piehled literatury* se autofi zabyvali diferencialni
diagnostikou a molekularné genetickou detekci exonli gent NAB2 a STAT6 u 20 piipadi
solitarnich fibréznich tumort (SFT). Bylo zjisténo, ze SFT mohou byt napodobovény Sirokou
Skalou primarnich i sekundarnich novotvari, které imituji oba zékladni rdstové vzory
hypocelularni i hypercelularni (hemangiopericytom-napodobujici). Na zaklad€ revize literatury
autofi shrnuli poznatky z 579 ptipadt SFT z rznych lokalit (200 ptipadi bylo z oblasti hlavy
a krku), které obsahovaly molekularné genetick4 data popisujici exony genl participujicich
v translokaci NAB2-STAT6. Vysledky studie shrnuji, Ze metastaticky potencial maji jen ty SFT,
jejichz fuze obsahuje DNA vazebnou doménu, tzv. STAT6-full varianty.

Ctvrta prace nazvana ,,SATB2 je ¢asto exprimovany v osifikujicich a neosifikujicich
perifernich oralnich fibromech v oblasti dasné, ale nikoliv v reaktivnich fibromatdznich 1ézich
jinych struktur dutiny Ustni* pojednava o perifernich oralnich fibromech (POF) gingivalni
oblasti, coz jsou nodularné utvatrené fibrézni léze, pravdépodobné vznikajici na podkladé
chronické traumatizace. Centralné mize POF obsahovat metaplastickou vlédknitou kost, ktera
je definujici pro osifikujici variantu. Osifikujici POF byvaji nejcastéji lokalizované v gingivalni
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oblasti, coz je v ostrém kontrastu s ne-osifikujicimi lézemi. V osifikujicich POF a v poloviné
neosifikujicich POF gingivalni oblasti jsme popsali silnou jadernou pozitivitu markeru SATB?2,
zatimco v 1ézich z non-gingivéalnich mist SATB2 exprimovany nebyl. Zminéna exprese SATB2
v gingivalnich osifikujicich POF je v souladu s domnénkou, Ze tyto 1€ze pochazi z periostalnich
vazl a tim se vysvétluje i jejich tendence k osifikaci. Vysledky studie je nutné brat v tivahu pfti
hodnoceni SATB2 pozitivnich novotvart pochézejicich z dutiny ustni, tak aby nebyly tyto 1éze
nadhodnoceny jako maligni.



SUMMARY

Current doctoral thesis is dealing with morphology, immunohistochemistry, molecular
genetics and biological behavior of head and neck tumors with a particular emphasis on salivary
gland and sinonasal lesions. Dr. Martina Baneckova has focused on this topic during her
postgraduate studies at Charles University, Medical Faculty in Pilsen, in the years 2017 — 2020.
In her publication activity, the author focused on rare tumors of the head and neck. A total of 9
publications were published over a span of three years are presented in a form of a commentary.
Four of them are first-author papers and these are introduced briefly below.

The first study entitled “Mammary analog secretory carcinoma of the nasal cavity:
Characterization of 2 cases and their distinction from other low-grade sinonasal
adenocarcinomas” deals with the relationship of newly described entities, secretory carcinoma
(SC) of the nasal cavity and ETV6-rearranged low-grade sinonasal adenocarcinoma (LG
SNAC). It is important to distinguish these 2 entities because of different clinical behaviors.
Low-grade non-ITAC, including ETV6-rearranged LG SNAC mostly behave in an indolent
manner, whereas SC is a malignancy with metastatic potential. It is important to be aware of
the possible occurrence of SC in the sinonasal region, as in this area SC represents a potential
mimicker of non-intestinal-type adenocarcinomas (non-ITAC) and the more aggressive
intestinal-type adenocarcinomas (ITAC).

In the second paper entitled “Immunohistochemical and genetic analysis of respiratory
epithelial adenomatoid hamartomas and seromucinous hamartomas: are they precursor lesions
to sinonasal low-grade tubulopapillary adenocarcinomas?” the authors evaluated the
morphological, immunohistochemical and genetic profile of respiratory epithelial adenomatoid
hamartoma (REAH) and seromucinous hamartoma (SH), and they compared these findings
with the morphological and immunohistochemical features of low-grade tubulopapillary
adenocarcinoma (LGTA). The serous component of REAH or SH was positively stained with
CK7, MUCI1 and SOXI10 similarly to LGTA. In addition, one case of SH showed EGFR-
ZNF267 gene fusion detected by next generation sequencing, and one case of SH proved to be
clonal using HUMARA assay. Our findings suggest that SH and REAH represent the variants
of the same lesion. Moreover, SH and serous component of REAH might be precursor lesions
of LGTA.

The third paper was entitled “Solitary fibrous tumors of the head and neck region
revisited: A single-institution study of 20 cases and review of the literature.” The authors dealt
with molecular genetic background of solitary fibrous tumor (SFT), particularly the exact
participation of the exons included in the NAB2-STAT6 gene fusion in 20 cases. SFT might be
included in the differential diagnosis of a wide spectrum of spindle shape and epithelioid-cell
derived lesions, both primary and secondary malignancies. The literature review summarizes
data from 579 cases of SFT from different location of the body (200 of them were from the
head and neck). Based on the described exons participating in the NAB2-STAT6 gene fusion,
we concluded that the fusion containing a DNA-binding domain (STAT6-full variant) has
metastatic potential.

The fourth study entitled “SATB2 is frequently expressed in ossifying and non-ossifying
peripheral oral fibroma of the gingival region but not in reactive fibromatous lesions from other
intraoral sites” discusses the problem of peripheral oral fibromas (POF) of the gingival region.
POF are fibrous nodular lesions likely resulting from persistent localized injury. The presence
of centrally located metaplastic woven bone defines the ossifying variant. Ossifying POF and
half of non-ossifying POF of the gingival region featured strong and diffuse nuclear SATB2
immunoreactivity. SATB2 was not expressed in other non-gingival locations of the oral cavity.
The described SATB2 positivity is consistent with proposed origin of gingival POFs from
periosteal ligaments and explains their tendency for ossification. This finding must be taken
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into consideration when evaluating SATB2 positive lesions of the oral cavity in order to avoid
misdiagnosis of malignancy.
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IC
ICC
HC
ITAC
LG SNAC

LGTA
MS
MYB

NAB2
NCOA4
NGS
Non-ITAC

NOS
NTRK3

POF
REAH
RET
RT-PCR

SC
SDC
SFT
SH

Androgenni Receptory

DNA Binding Domain (DNA vézajici doména)

ETS Variant Transcription Factor 6 (ETS transkripcni faktor 6)
Fluorescenc¢ni In Situ Hybridizace

Fine Needle Aspiration Cytology (Tenkojehlova aspira¢ni cytologie)
Hemangiopericytom

Human papillomavirus (Lidsky papilomavirus)

Intraductal Carcinoma (Intraduktalni karcinom)

Imunocytochemie, Imunocytochemicky

Imunohistochemie, Imunohistochemicky

Intestinal Type Adenocarcinoma (Adenokarcinom intestinalniho typu)

Low-Grade  Sinonasal = Adenocarcinoma  (Low-grade  sinonazélni
adenokarcinom)

Low-Grade Tubulopapilarni Adenokarcinom

Milansky Systém

MYB Proto-Oncogene, Transcription Factor (MYB  protoonkogen,

transkrip¢ni faktor)

NGFI-A Binding Protein 2 (NHFI-A vézajici protein 2)

Nuclear Receptor Coactivator 4 (Koaktivator 4 jaderného receptoru)
Next Generation Sequencing (Sekvenovani nové generace)

Non Intestinal Type Adenocarcinoma (Adenokarcinom non-intestindlniho
typu)
Not Otherwise Specified (BliZze nespecifikované)

Neurotrophic Receptor Tyrosine Kinase 3 (Neurotropni receptor pro
tyrozinkinazu 3)

Periferni Oralni Fibrom
Respirac¢ni Epitelidlni Adenomatoidni Hamartom
Ret Proto-Oncogene (Ret protoonkogen)

Reverse Transcription Polymerase Chain Reaction (Reverzni transkripéni
polymerazova fetézova reakce)

Secretory Carcinoma (Sekre¢ni karcinom)
Salivary Duct Carcinoma (Salivarni duktalni karcinom)
Solitarni Fibrézni Tumor

Seromucindzni Hamartom
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SMR3B

STAT6

TRIM27
TrkC
VIM
WHO

Submaxillary Gland Androgen Regulated Protein 3B (Androgeny regulujici
protein 3B submaxilarni zlazy)

Signal Transducer And Activator Of Transcription 6 (pfenase¢ signalu a
aktivator transkripce 6)

Tripartite Motif Containing Protein 27 (Tfistranny motiv nesouci protein 27)
Tyrosinkinase receptor C (Tyrozinkinazovy receptor C)
Vimentin

World Health Organization (Svétova zdravotnickd organizace)
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UVOD

1.1 Incidence nadoru hlavy a krku

Nadory hlavy a krku jsou v celosvétovém meéfitku 9. nejcastéjSim malignim
onemocnénim a maji uddvanou incidenci 650 tisic novych pfipad a mortalitu 330 tisic amrti
zarok (1). V Evropé je rocné evidovano 250 tisic novych ptipada a 63 500 umrti (2). Muzi pak
maji 4krat vys$si riziko onemocnéni v porovnani se zenami. Vyskyt nadorti hlavy a krku se
obyvatel), zatimco nejvyssi vyskyt je udavan ve Francii, kde jsou tyto naddory stejné Casté jako
nadory plic s incidenci kolem 50/100 000 obyvatel. Vice nez 90 % nadort hlavy a krku je
diagnostikovano jako dlazdicobunééné karcinomy (3).

Nédory slinnych 714z a sinonazélniho traktu pfedstavuji dvé morfologicky heterogenni
podskupiny nadord hlavy a krku s incidenci dosahujici 0,59 a 1,5 novych pfipadi ro¢né.
Mortalita je u nddort sinonazélniho traktu v porovndni s novotvary slinnych zlaz vyssi a je
udavana na 0,84 ptipadi/100 000 obyvatel za rok, respektive pro slinné zlazy 0,24/100 000.
V Ceské republice je incidence nadort slinnych zlaz 0,66 a nadort sinonazalniho traktu 0,16
na 100 000 obyvatel za rok. Mortalita je zde 0,24, respektive a 0,16/100 000 (4).

1.2 Klasifikace nadori hlavy a krku

Svétova zdravotnickd organizace (WHO) byla vzdy hybnou silou tvorby klasifikace
nadorii, a to jiz od pocatku prvni série Mezinarodni histologické klasifikace tumorii
(International Histological Classification of Tumours) v roce 1967. Prvni kniha vénovana
nadoriim hlavy a krku byla publikovana v roce 1971 a zabyvala se histologickou typizaci
orofaryngealnich tumort (5). Dalsi edice WHO klasifikace nadort hlavy a krku, publikovana
v roce 2005 integrovala do charakteristiky nadorovych jednotek, nejenom jejich morfologii a
imunoprofil, ale 1 n¢které molekularné genetické vlastnosti (6). Tato klasifikace popisovala
nadory riznych lokalit hlavy a krku a pouzila pfi tom standardizovany format zahrnujici
definici, epidemiologii, etiologii, lokalizaci, klinické znaky, radiograficky nalez, Sifeni naddoru,
staging, makroskopicky nalez, histopatologické znaky a pomocné vySetfovaci postupy, jimiz
jsou histochemie, imunohistochemie, ultrastrukturalni a molekuldrné genetické metody.

Soucasné platnd WHO klasifikace nadorii hlavy a krku pochézi z roku 2017 (7). Hlavni
zmény se tykaji zpfesnéni klasifikace stdvajicich tumort, popisu novych nadorovych jednotek,
a aktualizace biologického chovani nadorti. WHO klasifikace zahrnuje nejen klasické klinicko-
patologické informace, ale také imunoprofil a molekularné genetické znaky nadort. Velmi
vyznamnou novinkou je pak vyc¢lenéni nadorti orofaryngu jako samostatné oblasti, a to zejména
diky rozpoznani tlohy lidského papilomaviru (HPV) pii vzniku podtypu dlazdicobunééného
karcinomu (8). Hlavnim pokrokem je zaclenéni novych jednotek do kapitol definujicich nadory
sinonazalniho traktu, slinnych zlaz a vytvoreni nové kategorie nadorim podobnych 1ézi.

1.3 Novinky ve WHO Klasifikaci nadoru hlavy a krku

Jednou z diskutovanych oblasti ve 4. edici WHO Kklasifikace je oblast sinonazalniho
traktu, kam byly zafazeny 3 nové, dobie definované jednotky: seromucindézni hamartom, NUT
karcinom a bifenotypicky sinonazalni sarkom (Tabulka 1) (9, 10). Navic byla vytvofena
skupina provizornich, nové vznikajicich a dosud studovanych jednotek, jimiz jsou HPV-
asociovany karcinom s adenoidné cystickymi rysy (11), SMARCBI (INI-1) deficientni
sinonazalni karcinom (12, 13) a adenokarcinom napodobujici renalni karcinom (14), které jsou
zminované¢ v ramci diferencidlni diagnoézy jinych karcinoma. Jak NUT karcinom, tak
SMARCBI deficientni karcinom, byly pfed vyddanim WHO klasifikace 2017 ptevazné
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klasifikované¢ jako Spatn¢ diferencované dlazdicobunécné karcinomy ¢i sinonazalni
nediferencované karcinomy (SNUC), které maji Spatnou prognézu (12, 13, 15). Dalsi novinkou
je histopatologickd a geneticka klasifikace bifenotypického sinonazdlniho sarkomu jako
samostatné jednotky, ktery byl piivodné€ fazen mezi maligni tumory z pochvy periferniho nervu
¢i fibrosarkomy (16).

V oblasti nadort slinnych zlaz doslo téz k aktualizaci klasifikace (Tabulka 2) (17).
Jedinou nové zarazenou jednotkou v ramci nadorti slinnych Zzlaz je sekre¢ni karcinom
(mammarniho typu), ktery byl vyclenén z kategorie acinického karcinomu (18) na zaklad¢
odli$né morfologie, imunoprofilu a pfitomnosti rekurentni translokace E7TV6-NTRK3. Genové
flze charakterizuji 1 dal$i nadory slinnych zlaz, jako je adenoidné cysticky karcinom (MYB-
NFIB nebo MYBLI-NFIB), mukoepidermoidni karcinom (CRTCI-MAML2 nebo CRTC3-
MAML?2) ¢i pleomorfni adenom (nejcastéji zlomy v PLAGI genu). Dalsi novinky se tykaji
skler6zujici polycystické adendzy a hyperplazie z vmezetenych duktt, které byly nové
zafazeny do WHO klasifikace jako non-neoplastické procesy (19, 20). Dale doslo
k ptfejmenovani nekterych zndmych nddorovych jednotek, napiiklad low-grade kribriformni
cystadenokarcinom, té¢Z znamy jako low-grade salivarni duktalni karcinom, byl pfejmenovan
na intraduktalni karcinom (21).

1.4 Molekularni genetika v diagnostice nadori hlavy a krku

Pokroky ve vyvoji molekularné biologickych metod a jejich vyuziti pfi testovani
nadoril ptispivaji ke stdle lepSi a detailnéj$i histopatologické i prognostické klasifikaci
(Tabulky 3 a 4). Pfestoze chirurgicka terapie je nepostradatelnou soucasti 1é¢by nadort hlavy
a krku, limitovany prostor spole¢n¢ se snahou odstranit nador kompletné mohou mit fadu
nepiijemnych vedlejSich nasledkii. Nutnost zachovat zivotné dulezité struktury nedovoluje
vzdy nador odstranit cely, proto zde na fadu pfichdzeji alternativni metody jako je cilena
biologicka lécba (targeted therapy). Tento typ terapie je soucasti tzv. personalizované mediciny,
kdy je komplexni genomova analyza nddorové DNA/RNApodkladem pii vybéru vhodného
1é¢iva a 1écba nemocnych se zdanliveé stejnym onemocnénim se tak mize lisit.

1.5 Sekrec¢ni karcinom slinnych Zlaz

1.5.1 Sekrecni karcinom, charakteristika a imunohistochemie

Sekre¢ni karcinom (SC) slinnych zlaz byl poprvé popsany kolektivem Skalové a spol.
vroce 2010 pod nazvem sekrecni karcinom slinnych zldz mammarniho typu (mammary
analogue secretory carcinoma, MASC) (18), na podkladé¢ podobnych histomorfologickych a
identickych imunohistochemickych a molekularnich znak se SC prsu. Tato jednotka byla zahy
nato potvrzena v dalSich samostatnych studiich a odbornou vetejnosti uznana jako distinktni, a
proto byla posléze pod ndzvem ,sekrecni karcinom slinnych zlaz*“ zaclenéna do WHO
klasifikace 2017 (22).

Histologicky méa SC blandni morfologii, lobuldrni rist a je slozeny z mikrocystickych,
tubularnich a solidnich struktur s hojnym, homogennim, eosinofilnim az bublinovitym
sekre€nim materidlem, ktery je pozitivni v barveni PAS (periodic acid-shiff) bez i s diastazou.
Imunohistochemicky vykazuji nadorové buiky diftizni jadernou expresi s markery S100
protein, mammaglobin a SOX10. DOG1 marker je pozitivni v acinickém karcinomu, ale v SC
je zcela negativni. VétSina SC byla piivodné diagnostikovand jako acinické karcinomy chudé
na zymogenni granula, pfipadné€ low-grade cystadenokarcinomy ne bliZe specifikované (18).

Kromé zminéné lokalizace SC v prsu a ve slinnych zldzach byla popsana celd fada
dalSich mist vyskytu, naptiklad $titna zlaza (23, 24), kize (25), nosni sliznice, ethmoidalni
sinusy (26), plice (27) a vulva (28).
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1.5.2 Geneticky profil

SC je charakterizovany chromozomalni translokaci t(12;15)(p13;q25) vedouci ke
genové fuzi ETV6-NTRK3. Identickd fize neni specificka pouze pro SC. Byla téz popsana
v fad¢ jinych nadorti a to v inflamatornim fibrosarkomu, kongenitalnim mezoblastickém
nefromu (29), v nékterych hematologickych malignitach (30), v podskupiné ALK-negativniho
inflamatorniho  myofibroblastického tumoru (31), v podskupin¢ gastrointestinalnich
stromdlnich tumort (32), v papilarnim karcinomu §titné z1azy (33), a dalSich nadorech. V ramci
salivarni patologie vSak fuze ETV6-NTRK3 nebyla popsana v zadném jiném nédoru, a proto je
tato translokace v pfislusném morfologickém a imunohistochemickém kontextu pro SC
slinnych 7laz diagnosticka. ETV6-NTRK3 translokace je detekovdna v 95-97 % SC slinnych
zlaz, zbylych 3-5 % ptipadil se vyznacuje jinou genovou fuzi (nejcastéji ETV6-RET).

SC ve vétsin€ pripadl, ale ne vzdy obsahuje ETV6-NTRK3 translokaci (34, 35). Pii
pouziti metody reverzni transkripéni polymerazové fetézové reakce (RT-PCR) nebylo mozné
v nekterych ptipadech detekovat fuzniho partnera E7V6 genu a tyto nadory byly proto oznaceny
jako ETV6-X translokované SC (35). V navazujici studii byla, diky dostupnosti metody
sekvenovani nové generace (NGS), nalezena v téchto ptipadech SC ETV6-RET fuze (36).
V roce 2018 byl publikovan dalsi fizni partner ETV6 genu, a to MET gen (37). Jednalo se o SC
postihujici podcelistni slinnou Zlazu, jenZ byl 1éceny chirurgickou excizi a dale adjuvantni
radioterapii a chemoterapii. Nador n€kolikrat recidivoval a metastazoval. Tento piipad mé¢l
typickou morfologii a imunoprofil high-grade SC a obsahoval zlom ETV6 genu. Metodou NGS
byla stanovena translokace mezi intronem 4 E7V6 genu a intronem 14 genu MET.

Dalsim prispévkem k rozsiteni genetického pozadi SC byla prace Guilmette a spol.,
kteti poprvé predstavili 2 soucasné fidici (driver) mutace v SC (38). Jednalo se o zvlastni nador
s dudlni morfologii i imunoprofilem. Jedna komponenta vykazovala klasicky profil SC a druha
komponenta byla kribriformné-papilarni a imunohistochemicky byla negativni s S100
proteinem 1 mammaglobinem. Zde byla metodou NGS molekularné geneticky zjiSténa dvojita
faze ETV6-NTRK3 a ETV6-MAML3 (38).

Nejnovéjsi poznatky poukazuji na to, Ze molekularni profil SC se bude v raritnich
ptipadech dale rozsifovat. Noveé byly popsané fize bez Gcasti genti z rodiny E7V6. V prvnim
pfipadé se jednalo o publikaci Kastnerova a spol., kteti zaznamenali NFIX-PKN1 fuzi v SC
kize, nikoliv ve slinnych Zlazach (39). Dale Sasaki a spol. recentné publikovali SC piiusni
7lazy s CTNNAI-ALK fuzi (40) a Skélova a spol. 2 ptipady SC, z nichz jeden obsahoval VIM-
RET fuzi a druhy ptipad SC dualni fuzi ETV6-NTRK3 a MYB-SMR3B (41).

1.5.3 Prognodza a moZnosti 1écby

Prognéza SC je ve vétsing ptipadii ptizniva. SC ma stiedni riziko lokalni recidivy a
nizké riziko vzdalenych metastaz. V porovnani s acinickym karcinomem méa SC mirné vyssi
incidenci postizeni lymfatickych uzlin. SC je vSeobecné povazovany za low-grade karcinom.
Nicméné, kolektivem Skélova a spol. byly rovnéZz popsany high-grade SC (42). High-grade SC
se chovaji velice agresivné a progndza pacientl s touto diagnozou je infaustni. Terapie high-
grade SC byla v minulosti kvili pfitomnosti vzdalenych metastaz paliativni. Av§ak moderni
1écebné postupy dovoluji, diky znalosti genetického podkladu SC, i1 u téchto pacientl vyuzit
alternativni metody, napft. biologickou lécbu.

Fuze ETV6-NTRK3 je povazovana za kliCovou fidici fuzi v procesu tumorigeneze,
jelikoz SC ma nizkou mutacni zatéz. ETV6-NTRK3 faze vede k aktivaci signélnich drah,
jmenovité Ras-MAP kindz a PI3K-AKT. Tyto drdhy jsou téZ aktivovany alteracemi dalSich
gentl, jako jsou RET, MET a ALK geny. V souvislosti se znalostmi genetického pozadi Ize
nasledné vyuzit tyrozinkindzové inhibitory (Rozlytrek, Vitrakvi) (43, 44), RET-inhibitory

14



(selpercatinib, Blue 667) (45) ¢i multikinazové inhibitory (cabozantinib, crizotinib) (46, 47)
v terapii pokrocilych SC.

1.6 Intraduktalni karcinom

1.6.1 Historie nazvu

Intraduktalni karcinom (IC) byl zndmy pod riznymi jmény, jako ,,low-grade salivarni
duktalni karcinom®, ,,salivarni duktalni karcinom in situ* (48), pozdé&ji v roce 2005 bylo pfijato
editory WHO klasifikace oznaceni ,,low-grade kribriformni cystadenokarcinom® (49). Tento
termin odkazoval na cystické a solidni struktury tvofené intraduktdlnimi epitelidlnimi
proliferacemi pfipominajicimi buitky vmezetenych dukti a struktury napodobujici atypickou
duktalni hyperpléazii, mikropapilarni a kribriformni duktalni karcinom in situ prsu ¢i borderline
apokrinni 1éze prsu. Nova WHO klasifikace nadord hlavy a krku (2017) navrhla nazev
»Intraduktalni karcinom*®, ktery vSak stale neni optiméalni, protoZe novée byly popsany piipady
mintraduktalniho karcinomu* s invazivnim ristem (21, 50).

1.6.2 Histologicky a imunohistochemicky profil

IC je vzacny low-grade nador s histomorfologickymi znaky napodobujicimi vyse
zminéné prekurzorové 1éze prsu. Nador je typicky tvofeny intraduktdlnimi a intracystickymi
proliferacemi luminalnich duktalnich bun¢k, které rostou solidné, kribriformné ¢i papilarne.
Intraduktalni in situ komponenta je charakterizovand zachovanou myoepitelidlni vrstvou
bunék, kterou lze prokazat markery p63, calponinem ¢i cytokeratinem 14. Ve vétSiné pripada
je IC neinvazivni low-grade karcinom, ale byly také popsany i ptipady invazivniho IC (51).

Na zédkladé imunoprofilu lze odlisit dva subtypy IC: typ z vmezetenych dukti a
apokrinni typ. Prvni varianta IC nesouci fenotyp bun€k z vmezefenych duktli, je tvofena
malymi eosinofilnimi buitkami s malymi jadry bez jadernych atypii. Tento typ
imunohistochemicky exprimuje S100 protein a mammaglobin. (49). Druh4, apokrinni varianta
IC, roste spiSe mikropapilarné, a je charakterizovana apokrinnimi vyb&zky bunék, z nichzZ se
oddé&luje sekre¢ni materidl. Buiiky apokrinniho IC obsahuji vice cytoplazmy a Casto vykazuji
high-grade cytologické rysy véetné velkych jader a prominujicich jadérek. V Cisté apokrinni
variant€ IC jsou nadorové butiky obvykle negativni v pritkazu S100 proteinu a SOX10 a mohou
exprimovat androgenni receptory (AR). Cést apokrinnich IC je asociovana s invazivnim riistem
(52). IC mize vykazovat hybridni fenotyp majici znaky obou typti IC (50, 52, 53).

1.6.3 Geneticky profil

Doposud byly publikovany pouze 3 price zabyvajici se molekuldrné genetickym
pozadim IC (50-52). Kolektivem Weinreb a spol. byl popsan zlom v RET genu a translokace
t(10;10)(q11.22;q11.21) s NCOA4-RET fazi v podskupiné IC s morfologii z vmezefenych
vyvoda (52). IC a SC maji shodny imunohistochemické profil a podobnou morfologii, ale
v z4dném piipadé IC nebyla zjiSténa rearanze ETV6 genu (50-52). V &asti piipadid IC
s apokrinni morfologii byla nalezena translokace t(10;6)(p22.5;q11.21) s TRIM27-RET fuzi a
ve dvou pfipadech IC s invazivnimi rysy pak byly zastizeny dal§i dvé fuze TUTI-ETVS a
KIAA1217-RET (51).

1.6.4 Diferencialni diagnostika

Nejcastéjsimi mimikry IC jsou sekrecni karcinom (SC) a salivarni duktalni karcinom
(SDC). SC mtze napodobovat IC histologicky i imunohistochemicky. Oba mohou sdilet tytéz
architektonické rysy, jako jsou kribriformni formace se sekrecnimi prostory, multicystické
uspotadani a intracysticky papilarni rist. Dale maji shodny imunoprofil, s expresi SOX10, S100
proteinu a mammaglobinu. Na druhou stranu exprese AR neni charakteristickd pro SC.
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Dtlezitym rozliSovacim znakem je i pfitomnost zachované myoepitelidlni vrstvy kolem hnizd
a cyst IC, kterou lze potvrdit myoepitelidlnimi imunohistochemickymi markery jako je p63,
hladkosvalovy aktin, CK14 ¢i calponin (50, 51). Kontinualni myoepitelidlni vrstva v SC
pritomna neni (18). Geneticky byla v obou jednotkéach (SC 1 IC) zdokumentovana rearanze RET
genu. Zatimco v SC je popsana asociace RET genu s ETV6 genem (36), tak v IC byla
Weinrebem a spol. popséana fuze NCOA4-RET (52) a Skalovou a spol. fuze TRIM27-RET (50).

SDC je druhym nadorem, ktery lze zvazovat v diferencidlni diagnostice IC. SDC je
v porovnani s IC rozséhle invazivni nador s high-grade cytologickymi i architektonickymi rysy,
které zahrnuji vyrazna jadérka, hruby chromatin, nekrézy a vysokou mitotickou aktivitu véetné
atypickych mit6z. Bunky SDC maji obvykle apokrinni fenotyp a exprimuji AR. SDC téz miize
produkovat mammaglobin, av§ak S100 protein je typicky negativni a je pfitomna overexprese
HER?2 proteinu (54). SDC je charakterizovany spektrem molekularnich alteraci zahrnujicich
ERBB2 amplifikaci, mutace TP53 a MAP/PI3K cesty (55).

1.7 Respiracni epitelialni 1éze
1.7.1 Respiracni epitelialni adenomatoidni hamartom a seromucinézni hamartom

Skupinu respiracnich epitelidlnich 1ézi ve WHO klasifikaci tvoii dvé jednotky:
respiracni epitelialni adenomatoidni hamartom (REAH) a seromucin6zni hamartom (SH) (56,
57). REAH a SH maji v ¢asti ptipadil spolecné histologické znaky a zd4 se, Ze spiSe piedstavuji
spektrum jedné 1éze nez samostatné jednotky (58). Obé 1éze se Castéji vyskytuji u dospélych
osob a vyrustaji pfevazné ze zadniho nosniho septa.

Je otazkou, zda tyto léze pojmenovat jako neoplastické ¢i non-neoplastické, avSak
ptitomnost ¢asteCnych alelickych zlom v REAH podporuje hypotézu, Ze se jedna o benigni
tumory (59).

1.7.2 Histologicky a imunohistochemicky profil

Histologicky je REAH tvofeny Zlazovymi strukturami vznikajicimi kontinualné
z povrchového epitelu. Tyto struktury jsou kryté vrstevnatym fasinkovym epitelem
respiracniho typu €asto s ptimési mucindznich bunék. Struktury jsou obklopeny silnou vrstvou
eozinofilni bazalni membrany.

SH mikroskopicky sestava z lalacka proliferujicich malych zlazek a tubult vystlanych
jednovrstevnym kubickym epitelem. Lallicky byvaji smiSené s normalnimi seromucinéznimi
zlazkami nosni sliznice a Casto byvaji v blizkosti do stromatu vtazeného povrchového
respiracniho epitelu. Bazalni vrstva obvykle pfitomna neni, maximalné 1ze detekovat ojedinélé
myoepitelie. Stroma obou 1ézi miiZze byt hutné a misty hyalinizované.

Imunohistochemicky exprimuji respiraéni 1 seromucinozni zlazky CK7 a CKI19,
zatimco CK20 je negativni. Vysokomolekularni keratiny a p63 jsou vhodné pro zobrazeni
myoepitelidlnich bunék. Z1azové struktury SH jsou imunoreaktivni s protilatkou S100 protein,
ktera je souCasné negativni ve vétsich zlazkach respiracniho typu u REAHu (58, 60).

1.7.3 SH a REAH jako mozZné prekurzorové 1éze?

V soucasné dob¢ neexistuji definitivni rozliSovaci kritéria mezi REAH s floridni
seromucindzni Zzlazovou proliferaci, SH a low-grade non-intestindlnim sinonazalnim
adenokarcinomem (non-ITAC). Jo a spol. prezentovali sérii 29 low-grade non-ITAC, z nichz 6
bylo asociovanych s REAH (61). Obdobné pak SH prezentované Weinrebem a spol., mély
obdobné histologické a imunohistochemické znaky, zahrnujici ztratu myoepitelidlni vrstvy
bunék kolem seromucin6znich lalacku (58).
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Nékteti autofi piipodobnuji zlazovou proliferaci SH k mikroglandularni aden6ze prsu
(62). Lze spekulovat, ze terminy ,,adendza“ ¢i ,,adenom® Iépe vyjadiuji podstatu téchto
benignich zlazovych proliferaci nez oznaceni ,,hamartom®.

1.8 Solitarni fibrézni tumor hlavy a krku

Solitarni fibrézni tumor (SFT) patfi mezi hrani¢né¢ maligni mékkotkanové nadory diive
oznacované jako hemangiopericytomy (HPC) ¢i HPC napodobujici 1éze (63). Poprvé byl SFT
popsany na pleufe (64) avsak 30 % jich roste extrathorakaln¢, oblast hlavy a krku nevyjimaje.
V terénu hlavy a krku jsou sinonazalni trakt a orbita nejcastéjSimi misty vyskytu.

1.8.1 Histologicky a imunohistochemicky profil

Mikroskopicky je SFT predstavitelem spektra rozmanitych fenotypi a zalezi, zda
ptevazuje celuldrni ¢i fibrozni komponenta. Typické architektura je kombinaci hypocelularnich
a hypercelularnich okrskii. Hypocelularni oblasti jsou vnofené do kolagenniho stromatu
s vyraznou vaskulaturou definovanou paroznaté se vétvicimi cévami. Hypercelularni oblasti
jsou tvotfené kulatymi az vietenitymi buiikami rostoucimi v rohozkovitych a provazcovitych
formacich ¢i ristem napodobujici epiteloidni 1éze nebo fibrosarkomy.

SFT jsou imunohistochemicky difizné pozitivni s CD34. Exprese CD34 vSak klesa
smérem k malignimu fenotypu. Navic CD34 mutze byt detekovan i v fad¢ jinych
mezenchymalnich nadorti napodobujicich SFT, naptiklad v epiteloidnim hemangioendoteliomu
¢i bifenotypickém sinonazdlnim sarkomu. SFT déle konzistentné exprimuje bel2 a CD99.
Zadny z téchto markert viak neni zcela specificky a imunoreaktivita je typicka i pro jiné
mezenchymalni 1éze. SFT je obvykle negativni s cytokeratiny, aktinem, desminem a S100
proteinem. V piipad¢ diferencidlné diagnostickych rozpakl je nuklearni exprese markeru
STAT6 vysoce specificka a senzitivni a odrdzi pro SFT charakteristickou NAB2-STAT6
genovou fuzi. Senzitivita STAT6 dosahuje aZ 95 % a pouze silna a diftzni jaderna exprese je
povazovana za pozitivni. Pouze u 2 % jinych mezenchymalnich tumori (fibr6zni histiocytom,
desmoidni tumor ¢i dediferencovany liposarkom) byla zjist€éna STAT6 exprese, a to pfevazné
cytoplasmatickd a slabé nuklearni (65).

1.8.2 Geneticky profil

Tt1 skupiny autort nezéavisle na sob¢ popsali translokaci NAB2-STAT6 v SFT (66-68).
Oba geny se nachézeji blizko sebe na chromozomu 12q13 a jsou pifepisovany v opacnych
smerech. Fuznim produktem je chiméricky onkoprotein, v némz je doména represoru NGFI-A
vazajiciho proteinu 2 (NAB2) vyménéna za transaktivacni doménu karboxy-konce signdlniho
transduktoru a aktivatoru transkripce 6 (STAT76). Vznikly onkoprotein zvySuje bunécnou
proliferaci. Studie meningedlnich SFT a hemangiopericytomii potvrdila, Ze meningealni
hemangiopericytomy jsou ve skute€nosti hypercelularnimi variantami SFT (69).

1.8.3 Prognostické faktory a chovani

Neexistuje spojitost mezi morfologii a chovanim SFT. Existuji vSak kritéria malignity,
kterd zahrnuji: velikost 1éze vice nez 50 mm, rozsev nemoci v dob& diagndzy, infiltrativni
okraje, hypercelularni rist, jaderna pleomorfie, pfitomnost sarkomatoidnich oblasti ¢ili
dediferenciace, nekrozy a mitoticka aktivita (4 mit6zy/10 zornych poli velkého zvétSeni) (70).
Se Spatnou prognozou a klinickymi vysledky jsou podle autori Gold a spol. asociované ty
extrathorakalni SFT, které maji pozitivni chirurgické okraje, velikost prevysujici 10 cm a
maligni histologické znaky (popsané vyse) (70).
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1.8.4 Diferencialni diagn6za

Diferencialni diagnéza SFT c¢ita fadu primarnich i1 sekundarnich novotvarii zejména
mezenchymalniho piivodu (viz Tabulka &. 5). Zadny z diskutovanych nadort viak nevykazuje
iunohistochemicky silnou jadernou expresi STAT6 a geneticky neni definovan NAB2-STAT6
fuzi. Existuje vSak malé procento 1ézi, v nichz Ize detekovat cytoplazmatickou a slabsi jadernou
pozitivitu STAT6. Nejdiskutovanéjsi je STAT6 exprese v dediferencovaném liposarkomu, jejiz
pfitomnost lze vysvétlit sekvenci gent na 12 chromozomu. Zde se nachéazi STAT6, MDM?2 a
CDK4 v tésné blizkosti. MDM2 a mén¢ CDK4 byvaji amplifikované v dediferencovaném
liposarkomu, zatimco STAT6 nikoliv. Pfitomnost STAT6 je tak vysledkem spolecné amplifikace
jednotlivych gent pii doplnujicich vysetienich.

1.9 Reaktivni hyperplastické 1éze dutiny ustni

1.9.1 Charakteristika a klasifikace reaktivnich hyperplastickych 1ézi dutiny ustni

Reaktivni hyperplastické 1éze jsou skupinou fibréznich zmén pojivové tkané dutiny
ustni. Obvykle vznikaji v Gstni sliznici jako odpovéd’ na zranéni typu lokalniho chronického
drédzdéni v souvislosti se zubnim kamenem, zubnimi vyplnémi, drobnou traumatizaci a
iatrogennim poskozenim. Sliznice reaguje na drazdéni procesem lokalni hyperplazie, ktera je
mikroskopicky tvofena zralym kolagenem, fibroblasty, mineralizovanou tkani, endoteliemi a
obrovskymi vicejadernymi bunikami. Nejéastéji jsou postizeny Zeny ve druhé dekadé zivota
(71).

Tyto 1éze sice nejsou povazované za neoplazie, ale mohou byt s nimi zaménény.
Klasifikace hyperplastickych 1€zi sliznice dutiny stni zahrnuje jednotky: fibrézni hyperplézie,
pyogenni granulom, fibrézni epulis s osifikaci nebo periferni osifikujici fibromy a periferni
obrovskobunécné granulomy (72).

1.9.2 Periferni oralni fibromy

Osifikujici ¢i neosifikujici periferni ordlni fibromy (POF) jsou si navzdjem velmi
podobné 1éze az na pritomnost zralych metaplastickych kostnich ostritvku v osifikujici varianté.
Neosifikujici varianta je vSak na rozdil od osifikujiciho protéjSku histologicky shodna
s ostatnimi nodularnimi fibr6znimi 1ézemi traumatického piivodu. Pro¢ nékteré 1éze osifikuji a
jiné ne, je kontroverzni téma. Elanagai a spol. studovali expresi osteopontinu v normalni
gingivalni tkani a v riznych fokaln& reaktivnich 1ézich vcetné POF, aby oziejmili pfi¢inu
osifikace (73). Zjistili, Ze osteopontin je exprimovany ve vSech osifikujicich POF. TéZ se
domnivali, Ze POF vznikd na podklad¢ stromalnich bunék — osteoblasti (produkujicich
osteopontin), které jsou odvozené z periodontdlnich ligament.
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1.10 SEKRECNI KARCINOM SLINNYCH ZLAZ A SINONAZALNIHO
TRAKTU
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1.10.1 SEKRECNI KARCINOM MAMMARNIHO TYPU DUTINY NOSNI:
CHARAKTERISTIKA 2 PRIPADU A JEJICH ODLISENI OD
LOW-GRADE SINONAZALNIHO ADENOKARCINOMU

V piilozené publikaci jsme se blize zabyvali vyskytem SC ve sliznici nosni dutiny.
V prvnim ptipad¢ se jednalo o 51letou Zenu bez predchozi historie karcinomu prsu. Pacientka
pocitovala stiidavé bolesti za pravym okem a piilezitostné bolesti hlavy. Zobrazovaci metody
nalezly tumor v pravé strané nosniho septa, ktery byl chirurgicky resekovany. V odstupu 10 let
od diagnozy byla pacientka nazivu a bez obtizi. Ve druhém piipadé se jednalo o 65letou zenu,
v osobni anamnéze pouze s pleomorfnim adenomem dutiny Gstni pfed 5 lety od aktualni
diagnozy. PocitaCovd tomografie zachytila tumor pravé nosni dutiny proristajici do
nazofaryngu, ktery byl odstranény rozsahlou resekci. V odstupu 4 let od diagndzy byla Zena
bez recidivy.

Histologicky byly oba piipady obdobného vzhledu, neopouzdiené, nodularn€ utvaiené
1éze s tubulo-papilarnim rlistem a invazivnimi okraji. Nadorové buitkky mély low-grade mala
vezikularni jadra s jemné¢ granulovanym chromatinem. Sekre¢ni materidl pozitivni v barveni
PAS (periodic acid-Shiff) byl téz pfitomen. Imunohistochemicky byly oba ptipady pozitivni
v barveni CK7, S100 protein, mammaglobin, SOX10 a GATA3. Negativni markery byly CK20,
SATB2,CDX2 aDOGI1. V obou piipadech byla prokézana translokace ETV6-NTRK3 metodou
sekvenovani nové generace (NGS). V prvnim piipadé byla zastizena atypicka fiize mezi exony
5-13 a ve druhém piipad¢ typické fize mezi exony 5-15.

V porovnani s patologii slinnych 714z je diferencialni diagnostika SC v sinonazalnim
sinonazalnich adenokarcinomi (LG SNAC), které ptedstavuji histologicky heterogenni
skupinu nadori zahrnujici jak adenokarcinomy intestindlniho typu (ITAC) tak non-
intestinalniho typu (non-ITAC). Skupina non-ITAC obsahuje nové popsanou kontroverzni
jednotku, a to ETV6-rearanzovany LG SNAC (74). Tento nador byl popséan ve 3 piipadech
doposud pouze v jediné publikaci (74). Diferencidlné diagnosticky by mél byt ETV6-
rearanzovany LG SNAC odlisen od sinonasalniho SC. Navzdory identickému genetickému
pozadi obou jednotek byly popsany nasledujici charakteristické rysy napomahajici v jejich
diferenciaci: ETV6-rearanzovany LG SNAC roste prevazné tubularné a je tvofeny kubickymi
az cylindrickymi bunkami s pfileZitostnymi apokrinnimi rysy, misty lze zastihnout 1
trabekularni rist, nddorové bunky ETV6-rearanzovaného LG SNAC jsou nahloucené té€sné
k sobé s minimem vmezefeného stromatu, s minimalni ¢i nulovou sekre¢ni aktivitou.
V porovnani s témito znaky mély oba piipady SC nosni dutiny hyalinizovana septa a zna¢nou
produkci sekre¢niho materidlu. ETV6-rearanzovany LG SNAC je pozitivni v barveni DOGI,
negativni v mammaglobinu a pouze ojedinéle byl detekovany S100 protein. Hlavnim divodem
pro odliSeni obou jednotek je potencidlni rozdil v biologickém chovani. Zatimco ETV6-
rearanzovany LG SNAC se chova ptiznivé, SC je low-grade maligni nador, ktery v ojedinélych
piipadech mize podlehnout high-grade transformaci (42).
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Mammary Analog Secretory Carcinoma of the Nasal Cavity

Characterization of 2 Cases and Their Distinction From Other Low-grade
Sinonasal Adenocarcinomas
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Abstract: Secretory carcinoma, originally described as mammary
analog secretory carcinoma (MASC), is a low-grade salivary
gland tumor characterized by a t(12;15)(p13;q25) translocation,
resulting in an ETV6-NTRK3 gene fusion. Most MASCs are
localized to the parotid gland and intraoral minor salivary
glands. Moreover, ETV6-rearranged carcinomas with secretory
features have been reported recently in the thyroid (with and
without a history of radiation exposure), skin, and in very rare
instances in the sinonasal tract. Here, we describe 2 cases of
primary MASC in the sinonasal tract and provide a detailed
clinical and histopathologic characterization of their morphol-
ogy, immunohistochemical profile, and genetic background and
highlight features allowing for its separation from its recently
described molecular mimicker, ETV6-rearranged low-grade si-
nonasal adenocarcinoma.
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ecretory carcinoma (SC), originally described as
mammary analog secretory carcinoma (MASC), is a
low-grade salivary gland tumor characterized by a t(12;15)
(p13:q25) translocation, resulting in an ETV6-NTRK3
gene fusion.! In addition to having identical genetics with
SC, MASC expresses S100 and mammaglobin while being
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negative for DOG-1 and p63, thus highly resembling SC
of the breast.2 However, these features are unique among
tumors of the salivary gland.

Most MASCs are localized in the parotid gland, sub-
mandibular gland, and minor salivary glands of the oral
cavity, such as soft palate, lips, base of the tongue, and buccal
mucosa. Since its description in the major and minor salivary
glands,! MASC has been described in several other locations,
such as skin,*> thyroid,® and the sinonasal tract.'0 The
first case of MASC of the sinonasal tract was reported by
Lurquin et al,” and, very recently, another case with high-
grade transformation was reported in the maxillary sinus.!”

Primary sinonasal adenocarcinomas (SNACs) are
uncommon and morphologically heterogenous.'' These tu-
mors are divided into nonsalivary and salivary types. Non—
salivary-type SNACs are further classified into 2 broad
categories: intestinal-type adenocarcinoma (ITAC) and the
non-intestinal-type adenocarcinoma (non-ITAC).'> The
non-intestinal-type SNAC is of presumed surface epi-
thelium/seromucinous gland origin and accounts for <1% of
head and neck cancers.''"!3 It is morphologically a very
diverse group, as it can show high-grade or low-grade fea-
tures, as determined by the proliferative activity and pattern
of growth.!*17 An increasing number of distinct types of
non-ITAC has been recognized recently, including a subset
with rearrangement of the ETV6 gene, the so-called ETV6
gene-rearranged sinonasal low-grade SNAC.!8

By screening a series of low-grade SNACs with fluo-
rescence in situ hybridization (FISH) and/or reverse tran-
scription polymerase chain reaction (RT-PCR), we identified
2 cases of primary MASC arising in the nasal cavity, and
herein we provide a detailed clinical, histopathologic, and
molecular characterization. Recognizing MASC in the sino-
nasal tract among other SNACs of the salivary type, as well
as ETV6-rearranged low-grade SNAC, is important, as the
correct diagnosis is prognostically relevant, and ETV6-related
fusions serve as therapeutic targets,'>2

MATERIALS AND METHODS

Patient Material

Fifteen cases of low-grade non-intestinal-type SNAC
with secretory features resembling MASC were identified in
a review of the Salivary Gland Tumor Registry, at the
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TABLE 1. Antibodies Used for Immunohistochemical Study

Antibody Specificity Clone Dilution Antigen Retrieval/Time (min) Source

S100 protein Polyclonal RTU CCl1/20 Ventana Medical Systems
Mammaglobin 304-1A5 RTU CCl1/36 DakoCytomation

CK7 OV-TL 12/30 1:200 CCl1/36 DakoCytomation

CK20 Ks20.8 1:100 CCl1/36 DakoCytomation

CDX2 EPR2764Y RTU CCl/64 Cell Marque

GCDFP-15 EP1582y RTU CCl/64 Cell Marque

p63 4A4 RTU CCl/64 Ventana Medical Systems
DOG-1 SP31 RTU CC1/36 Cell Marque

GATA-3 L50-823 1:200 CCl1/52 BioCareMedical

SOX10 Polyclonal 1:100 CCl/64 Cell Marque

Pan-TRK ATH6R 1:20 CCl/64 Cell Signaling

SATB2 Polyclonal 1:100 CC2/68 Sigma Aldrich

STATS5a Polyclonal 1:400 CC1/36 AssayDesigns Inc.

MIBI 30-9 RTU CCl/64 Ventana Medical Systems

CCl indicates EDTA buffer, pH 8.6; RTU, ready to use.

Department of Pathology, Faculty of Medicine in Plzen,
and Biopticka Laboratory Ltd, Plzen, Czech Republic. Two
additional cases with features mimicking MASC were re-
trieved from the files of the Institute of Pathology, Friedrich-
Alexander University, Erlangen, Germany, thus amounting
to a total of 17 cases. Clinical follow-up was obtained from
the patients, their physicians, or from referring pathologists.

Histology and Immunohistochemistry

For conventional microscopy, tissues were fixed in
formalin, routinely processed, embedded in paraffin
(FFPE), cut, and stained with hematoxylin and eosin. In
most cases, additional stains were also performed, in-
cluding periodic acid-Schiff with and without diastase,
mucicarmine, and alcian blue at pH 2.5.

For immunohistochemistry, 4-pm-thick sections
were cut from paraffin blocks and mounted on positively
charged slides (TOMO; Matsunami Glass Ind., Japan).
Sections were processed on a BenchMark ULTRA (Ven-
tana Medical Systems, Tucson, AZ), deparaffinized, and
subjected to heat-induced epitope retrieval by immersion
in a CCI solution (pH 8.6) at 95°C. Following antigen
retrieval, sections were stained with a pan-TRK antibody
cocktail consisting of rabbit monoclonal antibodies, all
obtained from Cell Signaling (Danvers, MA), targeting
pan-TRK (clone A7TH6R, active against TrkA, TrkB, and
TrkC, 1:50 dilution), ROSI (clone D4D6, 1:50), and ALK
(clone D5F3, 1:50), as described elsewhere.?!

All other primary antibodies used are summarized in
Table 1. Visualization was performed using the ultraView
Universal DAB Detection Kit (Roche Diagnostics,
Mannheim, Germany) and ultraView Universal Alkaline

Phosphatase Red Detection Kit (Roche Diagnostics). The
slides were counterstained with Mayer hematoxylin.
Appropriate positive and negative controls were used.

Molecular Genetic Study

Detection of ETV6-NTRK3 Fusion Transcript by
RT-PCR

RNA was extracted using the RecoverAll Total
Nucleic Acid Isolation Kit (Ambion, Austin, TX). cDNA
was synthesized using the Transcriptor First Strand cDNA
Synthesis Kit (RNA input 500 ng) (Roche Diagnostics).
All procedures were performed according to the manu-
facturer’s protocols. Amplification of a 105 bp product and
a 133 bp product of the p2-microglobulin gene, and a 247
bp product of the PGK gene was used to test the quality of
the extracted RNA, as previously described.?22* This re-
sulted in the detection of the classic fusion transcript of
exon 72 of the ETV6 gene and exon 15 of the NTRK3
gene.”

For PCR, 2 pL of cDNA was added to the reaction,
which consisted of 12.5 pL of HotStar Taq PCR Master Mix
(Qiagen, Hilden, Germany), 10 pmol of each primer (Table 2),
and distilled water up to 25pL.2%?’ The amplification
program comprised denaturation at 95°C for 14 minutes
followed by 45 cycles of denaturation at 95°C for 1 minute;
annealing at temperatures shown in Table 2 was carried
out for 1 minute and extension at 72°C for 1 minute.
The procedure was completed by incubation at 72°C for
7 minutes.

Successfully amplified PCR product was purified with
magnetic particles using Agencourt AMPure (Agencourt

TABLE 2. Primers for Detection of ETV6-NTRK3 Fusion Transcripts

Original Primer Name Sequence Annealing Tempearture (°C) Localization
TEL971* (ETV6AY) ACCACATCATGGTCTCTGTCTCCC 65 ETV6 exon 5 outer
TRKC1059* (NTRK3A})  CAGTTCTCGCTTCAGCACGATG 65 NTRK3 exon 15 outer

*Bourgeois et al.>
tlto et al, 26 Skalova et al.2?
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Bioscience Corporation, A Beckman Coulter Company,
Beverly, MA). The product was then bidirectionally se-
quenced using Big Dye Terminator Sequencing Kit (PE/
Applied Biosystems, Foster City, CA) and purified with
magnetic particles using Agencourt CleanSEQ (Agencourt
Bioscience Corporation); all this was carried out according
to the manufacturer’s protocols and run on an automated
sequencer ABI Prism 3130xl (Applied Biosystems) at a
constant voltage of 13.2kV for 11 minutes.

Detection of ETV6 and NTRK3 by FISH Method

Four-pm-thick FFPE sections were placed onto
positively charged slides. Hematoxylin and eosin—stained
slides were examined for determination of areas for cell
counting.

The unstained slides were routinely deparaffinized
and incubated in the 1x Target Retrieval Solution Citrate
pH 6 (Dako, Glostrup, Denmark) at 95°C/40 minutes and
subsequently cooled for 20 minutes at room temperature in
the same solution. The slides were washed in deionized
water for 5 minutes and digested in protease solution with
Pepsin (0.5 mg/mL) (Sigma Aldrich, St Louis, MO) in 0.01
M HCI at 37°C/25 to 60 minutes according to the sample
conditions. The slides were then placed in deionized water
for 5 minutes, dehydrated in a series of ethanol solution
(70%, 85%, 96% for 2 min each), and air-dried.

For the detection of ETV6 rearrangement, a com-
mercial probe, Vysis ETV6 Break Apart FISH Probe Kit
(Vysis/Abbott Molecular, Illinois), was used. The ETV6
probe was mixed with water and LSI/'WCP (Locus-
Specific Identifier/Whole Chromosome Painting) Hybrid-
ization buffer (Vysis/Abbott Molecular) in a 1:2:7 ratio,
respectively.

The probe for the detection of the rearrangement of
the NTRK3 gene region was mixed from custom-designed
SureFISH probes (Agilent Technologies Inc., Santa Clara,
CA). Chromosomal regions for NTRK3 break-apart probe
oligos are chrl5:87501469-88501628 and chr15:88701444-
89700343, The probe mixture was prepared from corre-
sponding probes (each color was delivered in a separated
well), deionized water, and LSI Buffer (Vysis/Abbott
Molecular) in a 1:1:1:7 ratio, respectively.

An appropriate amount of mixed probe was applied
on specimens, covered with a glass coverslip, and sealed
with rubber cement. The slides were incubated in the
ThermoBrite instrument (StatSpin/Iris Sample Processing,
Westwood, MA) with codenaturation at 85°C/8 minutes
and hybridization at 37°C/16 hours. The rubber-cemented
coverslip was then removed, and the slide was placed
in posthybridization wash solution (2X SSC/0.3% NP-40)
at 72°C/2 minutes. The slide was air-dried in the
dark, counterstained with 4’, 6-diamidino-2-phenylindole
(DAPI; Vysis/Abbott Molecular), coverslipped, and im-
mediately examined.

FISH Interpretation

The sections were examined with an Olympus BX51
fluorescence microscope (Olympus Corporation, Tokyo,
Japan) using a X100 objective and filter sets Triple Band Pass

Copyright © 2018 Wolters Kluwer Health, Inc. All rights reserved.

(DAPI/SpectrumGreen/SpectrumOrange), Dual Band Pass
(SpectrumGreen/SpectrumOrange), and Single Band Pass
(SpectrumGreen or SpectrumOrange).

For each probe, 100 randomly selected non-
overlapping tumor cell nuclei were examined for the
presence of yellow or green and orange fluorescent signals.
Yellow signals were considered negative, and separate
orange and green signals were considered as positive.

Cutoff values were set to >10% of nuclei with
chromosomal breakpoint signals (mean, +3 SD in normal
non-neoplastic control tissues).

Sample Preparation for Next-generation Sequencing

For next-generation sequencing (NGS) studies, 2-3
FFPE sections (10 pm thick) were macrodissected to iso-
late tumor-rich regions. The samples were extracted for
total nucleic acid using Agencourt FormaPure Kit
(Beckman Coulter, Brea, CA), following the correspond-
ing protocol with overnight digestion and an additional
80°C incubation, as described in the modification of the
protocol by ArcherDX (ArcherDX Inc., Boulder, CO).
Total nucleic acid was quantified using the Qubit Broad
Range RNA Assay Kit (Thermo Fisher Scientific) and 2 pL
of sample.

RNA Integrity Assessment and Library Preparation
for NGS

Unless otherwise indicated, 250 ng of FFPE RNA
was used as an mput for NGS studies. To assess RNA
quality, the PreSeq RNA QC Assay using iTaq Universal
SYBR Green Supermix (Biorad, Hercules, CA) was per-
formed on all samples during library preparation to gen-
erate a measure for the integrity of RNA (in the form of a
cycle threshold value). Library preparation and RNA QC
were performed following the Archer Fusion Plex Proto-
col for Illumina (ArcherDX Inc.). A custom primer set
with 28 primers spanning regions on 3 specific genes of
interest including E7V6 was used. Final libraries were
diluted 1:100,000 and quantified in a 10 uL reaction fol-
lowing the Library Quantification for Illumina Libraries
protocol and assuming a 200 bp fragment length (KAPA,
Wilmington, MA). The concentration of the final libraries
was around 200 n. The threshold representing the mini-
mum molar concentration for which sequencing can be
robustly performed was set at 50 nM.

NGS and Analysis (Archer)

The libraries were sequenced on an MiSeq sequencer
(Ilumina, San Diego, CA). The libraries were diluted to
4 nM, and equal amounts of up to 16 libraries were pooled
per run. The recommended number of raw reads per
sample was set to 500,000. Library pools were diluted to
16 pM library stock with 10% 12.5 pM PhiX and loaded in
the MiSeq cartridge. Analysis of sequencing results was
performed using the Archer Analysis software (version 5;
ArcherDX Inc.). Fusion parameters were set to a mini-
mum of 5 valid fusion reads with a minimum of 3 unique
start sites within the valid fusion reads.
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FIGURE 1. Representative imaging of case 2. A, Coronal computed tomography of case 2 demonstrating a right-sided nasal mass.
B, The mass extends into the nasopharynx. There was no involvement of the maxillary sinus.

RESULTS

Case Histories

Case 1

A 5Sl-year-old woman, nonsmoker without a prior
history of breast cancer, presented with intermittent ten-
derness or pain behind the right eye and occasional fore-
head discomfort. A mass was identified on the right side of
the nasal septum, and the patient was referred to surgical
resection. The resected specimen measured 1.5x1.5%0.4
cm, and the patient was staged as TINOMO. The patient
was alive and showed no evidence of recurrent discase
after > 10 years of follow-up.

Case 2

A 65-year-old woman, nonsmoker without prior
history of breast cancer, presented with right-sided nasal
obstruction, nasopharyngeal secretion, and occasional
retrobulbar pain. Past medical history was unremarkable
except for a pleomorphic adenoma of the palate 5 years
previously. Computed tomography identified a mass in the
right nasal cavity extending into the nasopharynx. The
patient underwent surgical excision of the mass including
the middle turbinate along with maxillary sinus an-
trostomy, right ethmoidectomy, and partial resection of
the nasal septum. The tumor measured 4x4x1.5cm, and

the patient was staged as T2NxMO. The patient received
adjuvant radiotherapy and is alive with no evidence of
disease after 4 years of follow-up (Figs. 1A, B).

Detailed clinicopathologic findings in these 2 pa-
tients are presented in Table 3.

Histopathology and Immunohistochemical
Findings

Cases 1 and 2 had histologic features and im-
munoprofiles identical to salivary gland MASC. The
tumors were unencapsulated and composed of tubular,
papillary, and microcystic growth patterns with invasive
margins (Fig. 2A). The tumor cells had low-grade vesicular
and round to oval nuclei with fine, granular chromatin.
Abundant eosinophilic homogenous extracellular periodic
acid-Schiff with diastase—positive material (Fig. 2B) was
present in both cases. The tumors were composed of solid
microcystic growth patterns, in places divided by thick
hyalinized fibrous septa (Fig. 2C). Focal necrotic areas were
present in case 2 (Fig. 2D). In contrast to acinic cell
carcinoma (AciCC), both tumors lacked cytoplasmic
periodic acid-Schiff with diastase—positive zymogen gran-
ules. Mitoses were few, and there was no lymphovascular
invasion or perineural growth.

In contrast, cases 3 to 17 displayed histologic fea-
tures of low-grade tubulopapillary adenocarcinomas or

TABLE 3. Clinical Findings in 2 MASCs of the Nasal Cavity

Duration of

Cases Age (y)/Sex Site Size (cm) Stage (TNM) Local Recurrence Symptoms (y) T Follow-up (y) Outc
1 SUF Right nasal septum 1.5%1.5%0.4  TINOMO No 12 Surgery 14 Alive NED
2 65/F Right nasal cavity = 4x4x].5 pT2pNxMO No 1 Surgery+RT 4 Alive NED

F indicates female; NED, no evidence of disease; RT, radiotherapy.
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FIGURE 2. Histologic findings of sinonasal MASC. A, MASC shows admixed tubular, papillary, and microcystic growth patterns. B,
Abundant periodic acid-Schiff with diastase—positive extracellular material within tubular and cystic spaces. C, The tumors were
composed of solid, microcystic growth patterns, occasionally divided by thick hyalinized fibrous septa. D, Focal necrosis was

present in case 2.
low-grade non-intestinal-type SNAC, not otherwise
specified.!16:17

The immunohistochemical findings are summarized
in Tables 4 and 5. Both MASCs were positive for CK7,

TABLE 4. Immunohistochemical Results of 2 Cases of MASC
in the Nasal Cavity

Antibody Case 1 Case 2
CK7 +(D) +(D)
S100 +(D) +(F)
Mammaglobin +(D) +(F)
GATA3 +(D) +(D)
SOX10 +(D) +(D)
Pan-TRK + +
Stat5 + ¥
po3 Neg Neg
CK20 Neg Neg
CDX2 Neg Neg
DOG-1 Neg Neg
GCDFP* +H(F)* +(E)*
MIBI 5% 40%

*Immunochemistry performed at Department of Otorhinolaryngology and
Maxillofacial Surgery, Kege University Hospital, and Department of Otolar-
yngology Head & Neck Surgery Rigshospitalet.

D indicates diffuse staining; E, staining of extracellular material; F, focal
staining.

Copyright © 2018 Wolters Kluwer Health, Inc. All rights reserved.

SOX10, GATA3, STATS, and S100 (diffuse and strong
staining in all tumor cells). Immunohistochemical staining
for mammaglobin was diffusely positive in case | and
focally positive in case 2 (Figs. 3A-D). Both cases were
negative for p63 protein, CK20, CDX2, SATB2, and
DOG-1 (Table 4). The remaining 15 cases, except for case
13, were negative for mammaglobin. Case 13 was S100
protein/SOX 10/GATA3-positive with focal staining for
mammaglobin in <5% of the tumor cells. Data from all 17
cases are summarized in Table 5.

Genetic Findings

After histologic and immunohistochemical charac-
terization, all 17 cases were characterized for the presence
of the ETV6-NTRK3 fusion transcript and/or rearrange-
ment of ETV6. These findings are summarized in Table 6.
Two cases, cases | and 2, showed ETV6 gene
rearrangement by FISH. Case 1 was negative with RT-
PCR, but a product was identified with RT-PCR in case 2,
and sequencing confirmed an exon 5 to 15 junction. In
case 1, NGS identified an atypical exon 5-13 fusion. Cases
3 to 17 were negative or not analyzable with either
RT-PCR or FISH, or were negative for both methods
(Table 6 and Figs. 4A-C).
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TABLE 5. Immunohistochemical Results of All 17 Cases

Case No. Final Diagnosis CK7 CK20 DOG-1 GATA3 SOXI10 S100 MGA p63 STATS MIB1I CDX2 SATB2
1 MASC + Neg Neg + + + + Neg + 5% Neg Neg
2 MASC + Neg Neg + + + + Neg + 40% Neg Neg
3 LG SNAC + Neg Neg + + + Neg Neg ND ND Neg ND
4 LG SNAC Neg Neg Neg + + + Neg Neg ND ND Neg ND
5 LG SNAC + Neg Neg Neg Neg Neg Neg Neg ND 20% Neg Neg
6 LG SNAC + Neg Neg Neg Neg Neg Neg Neg + 3% Neg Neg
7 LG SNAC + Neg Neg + + Neg Neg Neg + 3% Neg Neg
8 LG SNAC + Neg Neg ND + #* Neg Neg ND 5% Neg ND
9 LG SNAC + Neg Neg Neg + + Neg Neg + 3% Neg Neg
10 LG SNAC + Neg NA NA NA Neg NA NA NA NA NA Neg
11 LG SNAC + Neg Neg Neg Neg Neg Neg Neg ND 90% Neg ND
12 LG SNAC + Neg Neg Neg Neg + Neg + + 5% Neg ND
13 LG SNAC + Neg Neg + + + +(F) 5%  Neg + 10% Neg ND
14 LG SNAC #* Neg Neg Neg Neg +F) Neg + +(F) 2% Neg Neg
15 LG SNAC + Neg Neg Neg Neg + Neg Neg Neg 2% Neg Neg
16 LG SNAC + Neg Neg ND +(F) + Neg Neg ND 2% Neg Neg
17 LG SNAC + Neg Neg Neg + Neg Neg Neg ND 0% ND Neg

F indicates focally; LG, low grade; NA, not analyzable; ND, not done; Neg, negative.

DISCUSSION

In contrast to the sinonasal tract, diagnosing MASC
in the major salivary glands as well as the oral minor
glands is not difficult in most cases. MASC is well char-
acterized not only by histologic and immunohistochemical
features but also by the ETV6-NTRK3 gene fusion.!
However, if MASC is present in unexpected locations, the
differential diagnosis is more challenging. MASC can be
confused with other salivary gland tumors, includin
AciCC and adenocarcinoma not otherwise specified.”

More than half of cases previously diagnosed as zymogen
granule—poor AciCC were positive for ETF6 translocation
on rereview and therefore classified as MASC, and most
tumors previously diagnosed as AciCC of the minor sali-
vary glands also represent MASC.2*3 In contrast to
AciCC, MASC shows no basophilic granularity in the
cytoplasm of any of the constituent cells, this being the
hallmark of the serous acinar cells of AciCC. Moreover,
MASC has a completely different immunohistochemical
profile than AciCC, almost always strongly expressing

FIGURE 3. Immunohistochemical characteristics of MASC in the sinonasal tract. In both MASCs, tumor cells were intensely and

diffusely positive for mammaglobin (A), S100 (B), and CK7 (C).
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TABLE 6. Results of Molecular Analysis of 17 Cases of Sinonasal Carcinomas

FISH RT-PCR
Cases Final Diagnosis ETV6 NTRK3 Exons 5-15 Fusion Transcript Archer NGS Gene Status
1 MASC Break NA Neg ETV6-NTRK3 exons 5-13 ETV6-NTRK3
2 MASC Break Break + ND ETV6-NTRK3
3 LG SNAC NA Intact NA ND Neg
4 LG SNAC Intact Intact Neg ND Neg
5 LG SNAC Intact ND Neg ND Neg
6 LG SNAC Intact ND Neg ND Neg
7 LG SNAC Intact ND Neg ND Neg
8 LG SNAC NA ND Neg ND Neg
9 LG SNAC Intact ND ND ND Neg
10 LG SNAC Intact ND ND ND Neg
11 LG SNAC Intact ND Neg ND Neg
12 LG SNAC NA ND NA ND NA
13 LG SNAC NA ND Neg ND Neg
14 LG SNAC Intact ND Neg ND Neg
15 LG SNAC Intact ND Neg ND Neg
16 LG SNAC NA ND NA ND NA
17 LG SNAC Intact ND Neg ND Neg

LG indicates low grade: NA, not analyzable; ND, not done.

$100 protein and mammaglobin,!31:32 and lacking DOG-
1 expression.®*

Low-grade SNACs represent a histologically het-
erogenous group of tumors, including non-ITAC and
ITAC subtypes.!? In recent years, an increasing number of
distinct types of SNACs have been recognized, including
HPV-related multiphenotypic sinonasal carcinoma,
SMARCBI-deficient sinonasal carcinoma, and tubulopa-
pillargf low-grade SNAC.!0337 Recently, Andreasen
et al'® reviewed a series of low-grade SNACs of non-ITAC

A

tel <«

ETV6

N — X

gap
~140 kb

~486 kb

- 12p13 ——

type with tubulopapillary growth pattern and found a
subset of tumors harboring ETV6 rearrangements and
the ETV6-NTRK3 fusion in 2 of 3 cases. From a strictly
genetic perspective, ETV6-rearranged low-grade SNAC
represents a pitfall for identifying true sinonasal MASC.
However, despite the identical genetic features of sinonasal
MASC and ETV6-rearranged low-grade SNAC, the fol-
lowing features allow for accurate separation. First, all 3
ETV6-rearranged low-grade SNACs reported were pre-
dominantly tubular, composed of cylindrical to cuboidal

» cen

~632 kb

FIGURE 4. FISH. A, Design of the ETV6 break-apart probe. B, Case 1 showing separate green and orange signals for ETV6. C, NTRK3

indicating concomitant rearrangement of both genes.
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FIGURE 5. Histologic and immunohistochemical findings in ETV6-rearranged low-grade SNACs. A, ETV6-rearranged low-grade
SNACs are composed of glands arranged back-to-back with little intervening stroma and minimal to absent secretory features.

B, Tumors are focally DOG-1 positive.

tumor cells with occasional apocrine features and focal
trabecular areas, which were not prominent features of
sinonasal MASC. Second, tumor cells in ETV6-rearranged
low-grade SNAC were arranged back-to-back with little
intervening stroma with minimal or absent secretory fea-
tures (Fig. 5A).'8 In contrast, both our MASCs showed
abundant hyalinized septae and pronounced secretory
features. Third, ETV6-rearranged low-grade SNAC is
positive for DOG-1, negative for mammaglobin, and
negative or patchy positive for S100, with the opposite
being the case in MASC (Fig. 5B). Fourth, both MASCs
presented here were invasive, whereas this was not seen in
ETVé6-rearranged low-grade SNAC.

The most important reason for separating these 2
entities is the difference in clinical behavior. While low-
grade non-ITAC, including ETV6-rearranged low-grade
SNAC, behaves in an essentially benign manner, MASC is a
bona fide malignancy. Awareness of the existence of MASC
within this anatomic region is important not only for sep-
arating these from the recently described ETV6-rearranged
low-grade SNAC but also for separating MASC from more
aggressive SNACs of non-ITAC and ITAC types.

In conclusion, we report 2 cases of sinonasal MASC and
describe its unique features, which are valuable in its separa-
tion from ETV6-rearranged low-grade SNAC and other low-
grade SNACs. Importantly, this separation is merited not only
for academic reasons, as the more aggressive nature of MASC
could necessitate treatment with TRK inhibitors.!>
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1.10.2 SEKRECNi KARCINOM MAMMARNIHO TYPU SLINNYCH ZLAZ:
MOLEKULARNI ANALYZA 25 PRiPADU ETV6 REARANZOVANYH
TUMORU, U KTERYCH NEBYL DETEKOVAN KLASICKY ETV6-NTRK3
FUZNI TRANSKRIPT STANDARDNI RT-PCR: 4 PRIPADY DEFINOVANE
ETV6-X GENOVOU FUZi

Prace se zabyva klinickou a molekularni analyzou 25 ptipadi morfologicky a
imunohistochemicky typickych SC. Vsechny piipady obsahovaly zlom ETV6 genu a v 16
ptipadech byl zjistény zlom genu NTRK3 metodou FISH, avSak klasickd ETV6-NTRK3 faze
nebyla zjisténa standardni RT-PCR. Ve ctyfech piipadech byl klasicky fazni transkript
detekovany senzitivni ,,nested” RT-PCR. V péti ptipadech byla zastizena atypicka fuze ETV6-
NTRK3 mezi exony 4-14 ¢i 5-14. P¢ét ptipadl bylo neanalyzovatelnych. Zbyvajici 4 ptipady
byly negativni na ptitomnost zlomu NTRK3 genu a pozitivni na zlom ETV6 genu.

Fuzni partner ETV6 genu nebyl identifikovan a fize byla oznacena jako ETV6-X. Pti
sledovani morfologickych a klinickych udaju pacientt s atypickymi fizemi a fuzi ETV6-X se
zjistilo, Ze tyto SC maji histologicky Ccastéji pritomnéd silna fibrozni septa a vyrazné
hyalinizované stroma. Byla ptfedlozena hypotéza, ze SC s atypickou fizi a non NTRK3 fiznim
partnerem mohou riist vice infiltrativné a mohou mit agresivnéjsi biologické chovani.
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Mammary Analogue Secretory Carcinoma
of Salivary Glands

Molecular Analysis of 25 ETV6 Gene Rearranged Tumors With
Lack of Detection of Classical ETV6-NTRK3 Fusion Transcript by
Standard RT-PCR: Report of 4 Cases Harboring ETV6-X Gene Fusion
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Abstract: ETV6 gene abnormalities are well described in tumor
pathology. Many fusion partners of ETV6 have been reported in
a variety of epithelial and hematological malignancies. In sali-
vary gland tumor pathology, however, the ETV6-NTRK3
translocation is specific for mammary analogue secretory car-
cinoma (MASC). and has not been documented in any other
salivary tumor type. The present study comprised a clinical and
molecular analysis of 25 cases morphologically and im-
munohistochemically typical of MASC. They all also displayed
the ETV6 rearrangement as visualized by fluorescent in situ
hybridization but lacked the classical ETV6-NTRK3 fusion
transcript by standard reverse-transcriptase-polymerase chain
reaction. In 4 cases, the classical fusion transcript was found by
more sensitive, nested reverse-transcription-polymerase chain
reaction. Five other cases harbored atypical fusion transcripts as
detected by both standard and nested reverse-transcription-
polymerase chain reaction. In addition, fluorescent in situ
hybridization with an NTRK3 break-apart probe was also per-
formed; rearrangement of NTRK3 gene was detected in 16 of 25
cases. In 3 other cases, the tissue was not analyzable, and in 2
further cases analysis could not be performed because of a lack
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of appropriate tissue material. Finally, in the 4 remaining cases
whose profile was NTRK3 split-negative and ETV6 split-pos-
itive, unknown (non-NTRK) genes appeared to fuse with ETVE
(ETV6-X fusion). In looking for possible fusion partners, anal-
ysis of rearrangement of other kinase genes known to fuse with
ETV6 was also performed, but without positive results. Al-
though numbers were small, correlating the clinico-pathologic
features of the 4 ETV6-X fusion tumors and 5 MASC cases with
atypical fusion transcripts raises the possibility of that they may
behave more aggressively.

Key Words: mammary analogue secretory carcinoma, MASC,
ETV6-NTRK3, ETV6-X fusion transcript, clinicopathologic
analysis

(Am J Surg Pathol 2016:40:3-13)

M ammary analogue secretory carcinoma (MASC) of
salivary gland origin is a recently described tumor
that harbors a characteristic balanced chromosomal
translocation, t(12;15) (p13:q25) resulting in an ETV6-
NTRKS3 fusion' identical to that in secretory carcinoma of
the breast. Histologically, MASC is composed of uni-
form cells with bland-looking vesicular nuclei and eosi-
nophilic vacuolated cytoplasm, arranged in tubular,
microcystic and solid growth patterns with abundant
periodic acid-Schiff —positive secretions. MASC may
histologically resemble zymogen granule-poor acinic cell
carcinoma, low-grade cribriform cystadenocarcinoma,
and adenocarcinoma not otherwise specified.! However,
the diagnosis of MASC in most cases is not difficult based
on histologic, immunohistochemical, and molecular fea-
tures. Detection of ETV6 by fluorescent in situ hybrid-
ization (FISH) is technically feasible and more than 150
cases of MASC have been published in the last 4 years
since its original description in 2010.!

There have been several studies extending the de-
scription of the clinical, histologic, and immuno-
histochemical features of MASC*!2 and the number of
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reported MASCs has grown considerably.'>'> However,
the molecular genetic and epigenetic background of
MASC has not been completely studied, except for the
ETV6-NTRK3 fusion. Therefore, a recent paper by Ito
et al'® describing 2 MASC cases with ETV6 fused with an
unknown gene partner immediately attracted our atten-
tion; the authors hypothesized that such tumors may have
unique clinicopathologic features.

Up until then, in all cases of MASC where the fu-
sion was known, this was ETV6 with NTRK3, and no
other fusion partners have been reported so far. Never-
theless, for several years, we have been aware of a number
of MASC cases positive for the ETV6 gene split as vi-
sualized by FISH, but in which the classical ETV6-
NTRKS3 fusion transcript (exon 5-exon 15 junction) was
not detected by standard reverse-transcriptase polymerase
chain reaction (RT-PCR). Twenty-five such MASC cases
were retrieved from our consultation files and further
analyzed.

MATERIALS AND METHODS

Among more than 4300 cases of primary salivary
gland tumors, 121 cases of the newly recognized entity
MASCs were retrieved from the consultation files of the
Salivary Gland Tumor Registry, at the Department of
Pathology, Faculty of Medicine in Plzen, Czech Republic
(AS). The histopathologic features of all tumors and the
immunohistochemical stains when available were re-
viewed by 2 pathologists (A.S. and M.B.). A diagnosis
of MASC was confirmed in cases that displayed, if at
least focally, histologic features consistent with original
description! in conjunction with appropriate im-
munohistochemical profile, that is coexpression of S-100
protein, cytokeratin CK7, and mammaglobin with
absence of p63 and DOG! staining. For the purpose of
this particular study, we have included only unequivocal
cases of MASC positive for ETV6 rearrangement by
FISH. Twenty-five tumors harboring ETV6 gene re-
arrangement as visualized by FISH but without detection
of the classical ETV6-NTRK3 fusion transcript by
standard RT-PCR were further analyzed.

For conventional microscopy, the excised tissues
were fixed in formalin, routinely processed, embedded in
paraffin, cut, and stained with hematoxylin-eosin. In most
cases, additional stains were also performed, including
periodic acid-Schiff with and without diastase, muci-
carmin, and alcian blue at pH 2.5.

For immunohistochemical studies, 4-pm-thick sec-
tions were cut from paraffin blocks, mounted on slides
coated with 3-aminopropyltriethoxy-silane (Sigma, St.
Louis), deparaffinized in xylene, and rehydrated in de-
scending grades (100% to 70%) of ethanol. Sections were
then subjected to heat-induced epitope retrieval by im-
mersion in a CCI solution at pH 8, at 95°C. Endogenous
peroxidase was blocked by a 5-minute treatment with 3%
hydrogen peroxide in absolute methanol. The slides were
then stained by immunostainer BenchMark ULTRA
(Roche). The primary antibodies used are summarized
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in Table 1. The bound antibodies were visualized using
the Histofine Simple Stain MAX PO (Multi) Universal
Immuno-peroxidase Polymer, anti-mouse and rabbit
(Nichirei Biosciences Inc., Tokyo, Japan), and 3-3'-di-
aminobenzidine (Sigma) as chromogen. The slides were
counterstained with Mayer hematoxylin. Appropriate
positive and negative controls were employed.

Clinical follow-up was obtained from the patients,
their physicians, or from referring pathologists.

Molecular Genetic Study

Detection of ETV6-NTRK3 Fusion Transcript by
RT-PCR

RNA was extracted using the RecoverAll Total
Nucleic Acid Isolation Kit (Ambion, Austin, TX). cDNA
was synthesized using the Transcriptor First Strand
cDNA Synthesis Kit (RNA input 500 ng) (Roche Diag-
nostics, Mannheim, Germany). All procedures were per-
formed according to the manufacturer’s protocols.
Amplification of a 105 and 133 bp product of the B2-
microglobulin gene and 247 bp product of PGK gene was
used to test the quality of the extracted RNA as pre-
viously described.!”"” A detection of classical, exon 5 of
ETV6 gene and exon 15 of NTRK3 gene,”® as well as
atypical, exon 4 of the ETV6 gene and exon 14 of the
NTRK3 gene (and their combinatorial variants), fusion
transcript was performed by RT-PCR. In addition, more
sensitive, nested RT-PCR was performed for detection
classical'® as well as selected atypical junction of tran-
scripts.

For single-round PCR, 2 uL of cDNA was added to
reaction consisted of 12.5 uL of HotStar Taq PCR Master
Mix (Qiagen, Hilden, Germany), 10 pmol of each primer
(Table 2) and distilled water up to 25 pL. The amplifica-
tion program comprised denaturation at 95°C for 14 mi-
nutes and then 45 cycles of denaturation at 95°C for
1 minute, annealing at temperature seen in Table 2 for
1 minute, and extension at 72°C for 1 minute. The pro-
gram was finished by incubation at 72°C for 7 minutes.
For nested PCR, the same reaction conditions were set.
One microliter of PCR product from the first round was
used as a template.

Successfully amplified PCR products were purified
with magnetic particles Agencourt AMPure (Agencourt
Bioscience Corporation, A Beckman Coulter Company,
Beverly, MA). Products were then bidirectionally se-
quenced using Big Dye Terminator Sequencing kit (PE/
Applied Biosystems, Foster City, CA), purified with
magnetic particules Agencourt CleanSEQ (Agencourt
Bioscience Corporation), all according to the manu-
facturer’s protocol and run on an automated sequencer
ABI Prism 3130x] (Applied Biosystems) at a constant
voltage of 13.2kV for 11 minutes.

Detection of ETV6, NTRK3, and Other 13 Genes
Break by FISH Method

From each tumor, 4-pum-thick sections were cut
from formalin-fixed paraffin-embedded blocks and placed
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TABLE 1. Antibodies Used for Immunohistochemical Study

Antibody Specificity Clone Dilution Antigen Retrieval/Time Source
S-100 protein Polyclonal 1:2000 CC1/20min DakoCytomation
CK7 OV-TL 12/30 1:200 CC1/36min DakoCytomation
GCDFP-15 EP1582y RTU CC1/64min Cell Marque
Mammaglobin 304-1A5 RTU CC1/36min DakoCytomation
STAT 3a Polyclonal 1:400 CC1/36min Assay Designs Inc.
Ki-67 30-9 RTU CC1/64 min Ventana

P63 4A4 RTU CC1/64 min Ventana

DOGI! K9 RTU CC1/36min Leica

GATA3 150-823 1:250 CCl1/52min BioCare Medical
SOX10 Polyclonal 1:50 CC1/64 min Cell Marque

CCl1 indicates EDTA buffer, pH 8.6; RTU, ready to use.

on positively charged slides. The slides were routinely
deparaffinized in xylen 3 times for 5 minutes and then
washed twice in 100% ethanol, once in 95% ethanol and
once in deionized water for 5 minutes. Then, the slides
were heated in the 1 x Target Retrieval Solution (pH 6)
(Dako, Glostrup, Denmark) for 40 minutes at 95°C and
subsequently cooled for 20 minutes at room temperature
in the same solution. The slides were washed in deionized
water for 5 minutes and tissues were covered with the
Proteinase K (20mg/mL) (SERVA, Heidelberg, Ger-
many) for 10 minutes at room temperature. The slides
were then placed into deionized water for 5 minutes, de-
hydrated in a series of ethanol solution (70%. 85%, 96%
for 2min each) and air-dried.

An appropriate amount of mixed break-apart probe
(Table 3) was applied on each specimen and was

TABLE 2. Primers for Detection of ETV6-NTRK3 Fusion
Transcripts

Original
Primer Name Sequence Localization
ETV6-ex4-F3 AGCCGGAGGTCATACTGCAT ETV6 exon 4
inner
ETV6-ex4-F4 CATTCTTCCACCCTGGAAAC ETV6 exon 4
outer
ETVéB* ACATCATGGTCTCTGTCTCCCCGC ETV6 exon 5
inner
TEL971+ ACCACATCATGGTCTCTGTCTCCC ETV6exon 5
(ETV6A*) outer
NTRK3- GTGATGCCGTGGTTGATGT NTRK3
exl4-R1 exon 14
inner
NTRK3 AGTCATGCCAATGACCACAG NTRK3
ex14-R2 exon 14
outer
NTRK3B* TTCTCGCTTCAGCACGATGTCT NTRK3
exon 15
inner
TRKC1059% CAGTTCTCGCTTCAGCACGATG  NTRK3
(NTRK3A¥*) exon 15
outer
*Ito et al.'®

fBourgeois et al0
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incubated in the ThermoBrite instrument (StatSpin/Iris
Sample Processing, Westwood, MA) at 85°C for & mi-
nutes and then at 37°C for 16 hours. Subsequently, the
slide was washed in 2 x SSC/0.3% NP-40 solution at 72°C
for 2 minutes and counterstained with DAPI.

FISH Interpretation

Each specimen was examined with an Olympus
BX51 fluorescence microscope using a 100 x objective
and filter sets Triple Band Pass (DAPI/SpectrumGreen/
SpectrumOrange), Dual Band Pass (FITC/Texas Red),
and Single Band Pass (SpectrumGreen or SpectrumOr-
ange). Scoring was performed by counting the number of
fluorescent signals in 100 randomly selected non-
overlapping tumor cell nuclei. The slides were in-
dependently enumerated by 2 observers (T.V. and P.S.).
The cut-off value for gene break was set at 10%.!

RESULTS

Molecular Genetic Findings

After making the histologic diagnosis of MASC and
confirming the ETV6 split, 25 cases with the absence of
classical, exon 5-exon 15, ETV6-NTRK3 fusion transcript
as detected by standard RT-PCR were analyzed in greater
detail (Table 4). The classical fusion transcript was ana-
lyzed by potentially more sensitive nested RT-PCR.' In
addition, atypical, exon 4-exon 14, ETV6-NTRK3 fusion
transcript, and also possible combinations of exons in-
volved in classical and atypical junction were analyzed by
nested RT-PCR and/or RT-PCR. In 4 cases, the classical
fusion transcript was found by nested RT-PCR. Five
other cases harbored atypical, exon 4-exon 14 or exon 5-
exon 14, ETV6-NTRK3 fusion transcript as detected by
both, nested and/or standard RT-PCR (Fig. 1). The rest
of the cases remained negative on RT-PCR. In addition
to RT-PCR studies, FISH with NTRK3 break-apart
probe was performed. The NTRK3 gene split was de-
tected in 16 of 25 cases. In 3 cases, the tissue was not
analyzable, and in 2 other cases analysis could not be
performed because of lack of formalin-fixed paraffin-
embedded tissue material.

www.ajsp.com | 5

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.

35



Skalova et al

Am | Surg Pathol » VVolume 40, Number 1, January 2016

TABLE 3. Probes Used in Study

Reaction Mixture

Gene Name BAC Clone/Localization of Probe Producer (Probe-Probe:Water:Buffer)

ETV6 Commercial Abbott/Vysis 1:2:7%

NTRK3 RP11-97012 BlueGnome 1117t
RP11-96B23

NTRKI chrl:156188056-156785595 Agilent 1-1:1:7%*
chrl:156851496-157451790

NTRK2 chr9:86361009-87360838 Agilent 1-1:1:7"
chr9:87560839-88561053

ABLI RPI11-17L7 BlueGnome 1-1:1:77
RP11-143H20

ABL2 chrl:178664366-179063610 Agilent -7
chrl:179203866-180203965

FGFR3 RP11-386115 BlueGnome 51 ke
RPI11-262P20

FLT3 RP11-438F9 BlueGnome -7
RP11-502P18

FRK chr6:115762599-116262838 Agilent 1-1:1:7*
chr6:116381774-116882068

JAK2 Commercial KREATECH Diagnostics Ready to use

LYN chr8:56192225-56792519 Agilent 1-1:1:7%
chr8:56925305-57525154

PDGFRA RP11-367N1 BlueGnome -7
RP11-116G9

PDGFRB Commercial CYTOCELL Technologie Ready to use

PERI RP11-298H4 BlueGnome 1-1:1:74
RP11-89A15

SYK RP11-6IN16 BlueGnome 1-1:1:75 7

RP11-367F23

TABLE 4. Results of Molecular Genetic Analysis of ETV6 and NTRK3 Genes Rearrangement and ETV6-NTRK3 Fusion Transcripts
FISH

RT-PCR Nested RT-PCR RT-PCR Nested RT-PCR RT-PCR
Classical Atypical 4-14" Atypical Control Genes
Case Number ETV6 Break NTRK3 Break 5-15 Classical 5-15 or 5-14% 4-14' 105/133/247

Case | NA — — - -
Case 2 + - - - -
Case 3 + -
Case 4 NA - - — -
Case 5

Case 6

Case 7

Case 8

Case 9

Case 10
Case 11
Case 12
Case 13
Case 14
Case 15
Case 16
Case 17
Case 18
Case 19
Case 20
Case 21
Case 22
Case 23
Case 24
Case 25

A+t
Z
b2~
|
| +
| |
| |

t+ 4+ A+t

Z z
L I S B S B T - -0
I
I
"
f
I
*

+++++++++

4, 5—numbers of exons of ETV6 gene; 14, 15—numbers of exons of NTRK3 gene.
*Only 4-14 junction was analyzed by nested RT-PCR.
NA indicates not analyzable; NP, not performed.
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FIGURE 1. Sequence analysis of ETV6-NTRK3 fusion tran-
scripts. The most common exon 5-exon 15 (5-15) as well as 2
other atypical (4-14 and 5-14) fusions are shown. Arrows show
point of fusion.

In the 4 remaining cases with the profile of NTRK3
split-negative and ETV6 split-positive, the fusion of
ETV6 gene to a non-NTRK3 gene was suggested. To
pursue possible fusion partners in these cases, we exam-
ined involvement of NTRKI and NTRK2 genes, both
members of the NTRK family. However, neither an
NTRKI nor NTRK2 gene split was detected (Fig. 2).
Other kinase genes known to be possible partners of
ETV6, such as ABLI, ABL2, FGFR3, FLT3, FRK, JAK2,
LYN, PDGFRA, PDGFRB, PERI, and SYK were ana-
lyzed in cases, in which a sufficient formalin-fixed paraf-
fin-embedded tissue was available (cases 17, 20). In case
17, no break of these genes was detected. In case 20, all
genes except unanalyzable FLT3, PDGFRA, and SYK
were negative, too.

Clinical and Histologic Characteristics of the Study
Group

The clinical and follow-up data are summarized
in Table 5. There were 9 female and 16 male patients. The
median patient age was 47 years, with a range between 15
and 77 years. The most common anatomic site of in-
volvement was the parotid gland, occurring in 12 patients
(48%). Other sites of origin were the submandibular
gland in 6 patients (24%). minor salivary gland of buccal
mucosa, and retromolar gingiva in 2 patients each (8%)
and 3 tumors arose in the upper lip (12%).

Follow-up Data

Clinical follow-up data were obtained from 22 pa-
tients, and ranged from 9 months to 19 years (mean 3y
and 11mo), 3 patients were lost to follow-up. Detailed
clinical, follow-up, and histologic findings in 25 patients
with MASC are summarized in Table 6.

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.

Five of the 22 patients experienced locally recurrent
tumor 1 month to 19 years after the primary diagnosis
(mean 55mo). Cervical lymph node metastases developed
in 6 patients, one of whom died of disseminated cancer 20
months after diagnosis with nodal (4 mo after diagnosis of
primary tumor) and multiple distant metastases to lungs,
liver, and bones at 10 months (case 9). Fourteen of 22
patients were alive with no evidence of recurrent or
metastatic disease at last follow-up.

All tumors were treated by surgical excision; in 9
cases the excision was radical with clear surgical margins,
but in 11 cases the surgical margins were positive and in
4 cases the tumor infiltration was close (< 0.5mm) to
the surgical margins. One patient underwent subtotal
conservative parotidectomy in combination with radio-
therapy (case 5). Recurrences were treated by radical re-
excision with clear surgical margins in all 5 patients,
radiotherapy was used in 4 of these 5 patients with
recurrent disease.

Macroscopic Features

The median tumor size was 2.1 c¢m, with a range of
0.5 to 5.0cm. Grossly, most tumors were variably in-
vasive: 4 were entirely circumscribed, 6 had focally in-
filtrative edges, and 15 were predominantly infiltrative.

Microscopic and Immunohistochemical
Features

On low-power magnification, 3 major growth pat-
terns of MASC were identified in our material. Firstly,
some tumors were well circumscribed and surrounded by
a thick, focally uninterrupted, fibrous capsule enclosing
predominantly papillary and macrocystic structures
(Fig. 3). The second pattern was characterized by solid
and lobular growth with a multilobular structure divided
by thick hyalinized or thin fibrous septa (Fig. 4). These
tumors either lacked a capsule or were only partially en-
capsulated with prominent infiltrative borders. These
cases were predominantly composed of microcystic and
slightly dilated glandular spaces filled with variable
amount of eosinophilic homogenous secretory material.
A prominent fibrosclerotic stroma with isolated tumor
cells in small islands or trabeculae were seen in central
part of the tumor in 12/25 (48%) cases (Fig. 5). The third
pattern comprised a macrocystic growth pattern, in which
larger cystic structures were lined mostly by a single, and
focally a double layer of cells with prominent or focal
apocrine differentiation including hobnail cells (Fig. 6).
The cysts contained abundant proteinaceous eosinophilic
material. However, most tumors demonstrated 2 or more
architectural patterns with microcystic, tubular, solid,
and papillary patterns often occurring together.

Regardless of the growth pattern of MASC, the
tumor cells were often bland looking with abundant pale
pink vacuolated and foamy cytoplasm and with vesicular
oval nuclei with a single small but prominent nucleolus.
The cytologic features were similar from cases to case.
Range of nuclear atypia was assessed as grades 1 to 3.
Mitotic figures were rare and necrosis was absent.
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FIGURE 2. FISH analysis reveal rearranged ETV6 gene (A), and intact genes NTRKT (B), NTRK2 (C), and NTRK3 (D) respectively,
using break-apart probes. Yellow (red/green fusion) signal demonstrates intact chromosome, separated red and green signals

mean gene break.

Lymphovascular invasion was present in 2 cases (8%),
and perineural invasion was seen in 12 tumors (48%)
(Table 5).

Histologic Findings in 4 MASC Cases NTRK3 Split-
negative ETV6 Split-positive (ETV6-X Fusion)

Invasive growth into fibroadipose tissue adjacent to
salivary glands was seen in 3 of the 4 (cases 15, 17, 20),
and the remaining tumor was received as multiple frag-
ments, and thus invasion could not be assessed (case 6). In
detail: skeletal muscle was involved in 1 case (case 15),
lymphovascular invasion in 1 (case 15), and perineural
invasion seen in 2 (cases 17, 15). A capsule was not
present in any of these tumors. The fibrosclerotic stroma
and thick hyalinized fibrous septa were particularly
prominent in 2 of 4 cases. Nuclei were assessed as grade 1
in 3 tumors, and nuclear grade 2 in the remaining 1 (case
20) (Tables 4 and 6).

8 | www.ajsp.com

Histologic Findings in 5 MASC Cases With
Atypical Profile of ETV6-NTRK3 Fusion Transcript
Except for 1 patient (case 25), all the other 4 tumors
were invasive and nonencapsulated with infiltration of
periglandular tissue and positive surgical margins. Peri-
neural (2/5) and lymphovascular (1/5) invasion were ob-
served. Four cases showed thick fibrous septa with focal
hyalinization, and in each of 3 cases, trabeculae and nests
of neoplastic cells were embedded in a completely hyali-
nized central part of the tumor (Fig. 7). Nuclei were as-
sessed as grade | in 3 tumors (cases 14, 19, 25), and nuclear
grade 3 in the remaining 1 (case 9) (Tables 4 and 6).
High-grade morphology was seen in 1 patient (case
9). The tumor was composed of 2 distinct carcinomatous
components (Fig. 8). One component was a conventional
MASC made of uniform neoplastic cells arranged in
solid, tubular, and microcystic growth structures, divided
by fibrous septa that were thick and partly hyalinized.
The tumor cells had typical low-grade morphology;
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TABLE 5. Clinical and Histologic Findings in 25 MASC Cases
With ETV6-Split and Absence of ETV6-NTRK3 Fusion Transcript
by Standard RT-PCR

N/Total (%)

Age
Median age (y) 47
Range (y) 15-77
Sex
Female 9/25 (36)
Male 16/25 (64)
Anatomic location
Parotid gland 12/25 (48)
Submandibular gland 6/25 (24)
Minor gland 7/25 (28)
Size (cm)

Median 2:1
Range 0.5-5.0
Follow-up data available 22/25 (88)

Median follow-up period 3y Il mo

Range 9-228 mo
Metastatic disease

Cervical LN metastasis 6/22 (28)

Distant metastasis 1/22 (4)
Local recurrent disease 5/22 (23)
Histologic findings

Invasive growth 15/25 (60)

Perineural invasion 12/25 (48)

LVI 2/25 (8)
Prominent hyalinized stroma 12/25 (48)

LN indicates lymph node; LVI, lymphovascular invasion.

vesicular round to oval nuclei with finely granular chro-
matin and distinct centrally located nucleoli. The other
component was sharply delineated from the conventional
MASC. It was composed of anaplastic cells with abun-
dant cytoplasm and large pleomorphic nuclei. Solid
tumor islands revealed areas of large geographical com-
edo-like necrosis and desmoplastic stroma indicated in-
vasion. The tumor cells of the high-grade component had
significantly increased mitotic activity and nuclear poly-
morphism and failed to produce secretory material, in
contrast to the low-grade component.

Immunohistochemical Findings

By immunohistochemistry, all examined MASC
cases were positive for S100 protein (25/25), mamma-
globin (17/17), typically in strong and diffuse fashion
(secretory material was also positive), and cytokeratin
CK7 (17/17). GATA-3, SOX-10, and STAT5a staining
was detected in most analyzed cases, respectively (17/17),
(5/10), and (5/5). P63 protein was completely negative in
most cases, with limited areas of positive peripheral my-
oepithelial cell staining suggestive of a focal intraductal
component in 3 cases. DOGI was negative in all cases
(16/16). Proliferative activity was generally low, with
mean MIBI1 index 17% (range 5% to 40%).

DISCUSSION

MASC is a relatively newly described neoplasm of
minor and major salivary glands characterized in most
cases by a distinctive molecular alteration: a balanced

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.

t(12;15) (p13;925) chromosomal rearrangement resulting
in the fusion of the ETV6 and NTRK3 genes.' Interest-
ingly, the same translocation, ETV6-NTRK3, can be seen
not only in secretory carcinoma of breast.> but also in
infantile fibrosarcoma,>’ congenital mesoblastic neph-
roma,?? some hematopoictic malignancies,”® ALK-neg-
ative inflammatory myofibroblastic tumors,?* and in
radiation-induced papillary thyroid carcinoma.?®

The ETV6-NTRK3 fusion gene encodes a chimeric
oncoprotein tyrosine kinase that activates the Ras-MAP
kinase and phosphatidylinositol-3-kinase—Akt pathways.
An ETV6 rearrangement may be detected from paraffin-
embedded tissue by break-apart FISH or alternatively,
the fusion transcript can be identified by RT-PCR. De-
tection of ETV6 rearrangement from paraffin-embedded
tissue is technically feasible, relatively widely available
and is considered the gold standard for the diagnosis of
MASC. However, in some of our MASC cases previously
reported, RT-PCR failed to demonstrate the ETV6-
NTRKS3 fusion transcript, even though they were FISH
positive.l:11:26

Recently, Tto et al'® reported 2 cases of MASC with
the ETV6 gene split detected by FISH but in which the
ETV6 gene appeared to be fused with a gene partner
other than NTRK3. They further demonstrated that nei-
ther NTRKI nor NTRK2 genes were involved.'® In
hematopoietic malignancies, >30 ETV6 partner genes
have been molecularly characterized,”’ but in MASC
ETV6 usually fuses with NTRK3, and no other fusion
partners have been reported so far.!'o However, the 2
cases reported by Ito et al'® Flus several examples of
MASC in our previous studies!!2¢ that failed to dem-
onstrate ETV6-NTRK3 fusion transcript by classical RT-
PCR together suggested that £776 may on occasions fuse
with an unknown non-NTRK gene partner (ETV6-X fu-
sion). Therefore, we retrieved from our consultation files
25 such MASC cases all ETV6 split by FISH but negative
for ETV6-NTRK3 fusion transcript as detected by
standard RT-PCR.2 This reaction analyzes the most
common fusion in MASC, which is the junction of exon 5
of ETV6 and exon 15 of NTRK3 genes by single-round
RT-PCR. In the present study, we used the more sensi-
tive, nested RT-PCR. ! and consequently we revealed the
presence of the classical transcript in another 4 cases. In
addition, we found 5 cases with atypical junctions. These
junctions have not been described in MASC but are rel-
atively common in radiation-induced papillary thyroid
carcinoma.?

Simultaneously with the RT-PCR study, we per-
formed FISH analysis of our tumors with various break-
apart probes. Firstly, we investigated splits in the NTRK3
gene. This analysis revealed, as in the study of Ito et al,'®
the presence of ETV6-positive/ NTRK3-negative cases. On
2 available samples, we then performed analysis for re-
arrangement of NTRK3 homologs NTRKI and NTRK2
but these were negative, similar to the findings of Ito
et al'® In addition to these NTRK homologs, we analyzed
several kinase genes commonly fused with ETV6 in
hematological malignancies,?” but we were unable to
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TABLE 6. Clinical and Histologic Findings of 25 MASC Cases

Age/ Invasion Hyalinized

Case Number Sex Primary Site Tumor Size (mm) Capsule (LVI, PN) Septa Sclerosis
1 31/F Buccal mucosa 10 Complete No No No
2 2 Buccal mucosa 10 Invasive No No No
3 38/F Parotid 30 Invasive PN+ + + +
4 48/M Upper lip 10 Invasive No ++ +
5 28/M Parotid, deep lobe 50x30x15 Invasive PN+ ++ ++
6 50/M Lip 15 Invasive No No No
7 66/F Parotid 8 Complete No No No
8 17/M Parotid 40x35x25 Invasive No No No
9 60/M Parotid 40x35x25 Invasive PN+ LVI+ et ol
10 39/M Parotid 14 Incomplete PN+ + 13
11 69/F Retromolar 6 Complete No No No

gingiva
12 35/F Parotid 27x15x 10 Incomplete PN+ ++ No
13 15/M Submandibular 18 Invasive PN+ + + +
14 44/M Submandibular 15 Incomplete PN+ ++ +
15 29/M Parotid 23 Invasive PN+LVI+ + ++
16 74/M Parotid 30x30x25 Invasive PN+ + No
17 31/M Submandibular 30 Invasive PN+ ++ ++
18 73/M Retromolar 15%20x25 Invasive No + No

gingiva
19 35/M Submandibular 25 Invasive No + No
20 71/F Submandibular 25 Invasive No + + ++
21 62/F Lip 10 Complete PN+ + +
22 25/M Parotid 13 Incomplete No + No
23 62/M Parotid 23x20x20 Incomplete No + No
24 52/M Submandibular 20 Invasive No + No
25 48/F Parotid 10 Incomplete PN+ ++ +

*PE—subtotal conservative parotidectomy.

FClose margins means distance from tumor <0.5mm.

CHT indicates chemotherapy; LN, lymph node; LVI, lymphovascular invasion;
disease: RT, radiotherapy; SP. superficial parotidectomy.

NA, not available; NED., no evidence of disease; PN, perineural invasion; RD, residual

identify any possible ETV6 fusion partner. The remainder
of our cases fell either firstly into a group with a different
exon junction to that tested, or secondly into a group with
expression below the detection limit of the methods used,
or thirdly into a group with low quality of RNA.

The novel finding in our study is the identification
of 5 MASC cases with atypical junctions, exon 4 of ETV6
with exon 14 of NTRK3 and exon 5 of ETV6 with exon 14
of NTRK3 that have not been described in MASC so far.
Moreover, we confirmed the observation of Ito et al'f
that a subset of MASC cases very likely harbors ETV6
fused with non-NTRK genes (ETV6-X fusion).

What was a particularly interesting finding of our
study is that in both these groups of MASC with atypical
junctions and ETV6-X fusion, we observed a more ag-
gressive invasive growth pattern in 6/9 (67%) together
with more frequent perineural invasion in 5/9 (55%), and
lymphovascular invasion in 2/9 (22%) than in the cases
with classical ETV6-NTRK3 fusion. In addition, lymph
node metastases were seen in 2 patients, and 1 patient
even died of disseminated disease with multiple distant
metastases. This is in accordance with recent observation
of Ito et al.'® who published 2 cases of ETV6-X fusion
MASC with invasive histologic features including peri-
neural or vascular involvement—this is in contrast with

10 | www.ajsp.com

the generally low-grade behavior of MASC. Nevertheless,
in our series, even MASC cases with the classical ETV6-
NTRKS3 fusion often displayed an invasive growth pattern
(12/16) as well as perineural invasion (6/16) but lym-
phovascular invasion was not seen.

Ito et al'® have also suggested that MASC cases
with ETV6-X fusion may have distinctive histomorphol-
ogy, in particular, thick fibrous septa and abundant hy-
alinized stroma. We have found extensive hyalinized
stromal fibrosis in 4/16 cases of MASC with classical
ETV6-NTRK3 fusion transcript, remaining 12 cases were
devoid of extensive central fibrosclerotic foci. Thick fi-
brous septa were observed in most cases of MASC with
classical fusion (11/16). The MASC cases with atypical
exon junctions ETV6-NRTK3 and ETV6-X fusions dis-
played more often central hyalinized fibrosis in 6/9 (66%)
and thick fibrous septa in 7/9 (77%) than MASC with
classical ETV6-NTRK3 fusion.

In conclusion, the present study indicates that ETV6
may fuse with genes other than NTRK3, or a subset
of MASC cases may display atypical exon junctions
ETV6-NTRK3. Our preliminary results also suggest that
these atypical molecular features may be associated
with more infiltrative histologic features of MASC, and
less favorable clinical outcomes in patients, though the

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.
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TABLE 6. (Continued)

Local Recurrence

Surgical Margins TNM Metastasis (y, mo) (y, mo) Treatment Follow-up (y,mo) Outcome
Clear TINOMO No No Excision 11 mo NED
Positive TINIMO LN 2y Multiple 2y Excision 2y, 4mo RD
Positive pT2/eNO/cMO pT3 (19y) Excision, RT 19y NED
Positive TINOMO No pT2 (2mo) Excision, re-excision margins clear 9mo NED
Positive T3INOMO No No *PE, RT 11 mo NED
Positive NA NA NA NA NA NA
Clear TINOMO No No Excision, SP ly, 6mo NED
Clear T2NOMO No (0/0) No Excision 12y NED
Positive T4aN2bM 1 LN 4mo lung, 4 mo excision Excision, RT ly, 8mo DOD
liver, bones 10mo
Closet T2NOMO No No SP 3y, Imo NED
Clear TINOMO No No Excision 2y NED
Clear pT2NxMx No No Excision 4y NED
Closet T3N2bMO LN + No Excision, RT 4y NED
Positive TINOMO No No Resection 4y, 11 mo NED
Positive T2NIMO LN+ No Local excision, RT no neck dissection 2y, 10mo NED
Positive T2NOMO No No Excision RT, CHT 8y NED
Positive pT3pNOMO No Residual tumor Excision, radical resection (1 mo) 2y NED
Positive T2N2M0O LN+ NA NA
Clear T2N2MO LN+ (3/36) No Excision, RT 4y, 2mo NED
Clear T2NOMO No No Excision ly, 6mo NED
Clear TINOMO No No Wide local excision 3y NED
Clear TINOMO No No Excision ly, 3mo NED
Closet T3NIMO No (0/2) No Excision 7y, 6mo NED
TINOMO NA NA Excision NA NA
Closet pTINOMO No No Excision ly, 3mo NED

numbers of published cases are low so far. Currently,
molecular confirmation is considered the gold standard
for the diagnosis of MASC, but there is growing body of
evidence that the majority of tumors (up to 95%) can be
accurately classified as MASC based solely on morphol-
ogy and immunohistochemistry.® Recognizing MASC
and testing for ETV6 rearrangement may be, however, of
potential value in patient treatment, because the presence
of the ETV6-NTRK3 translocation may represent a
therapeutic target in MASC. Recent studies suggested

R <.

FIGURE 3. MASC (case 20, ETV6-X fusion) was composed of
predominantly papillary and macrocystic structures.

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.

that the inhibition of ETV6-NTRK3 activation could
serve as a therapeutic target for the treatment of patients
with this fusion at other sites.?*3

©ie

7

FIGURE 4. MASC composed of multilobular structure divided
by thick hyalinized fibrous septa with microcystic and slightly
dilated glandular spaces filled with variable amount of eosi-
nophilic homogenous secretory material.
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FIGURE 5. MASC (case 15, ETV6-X fusion) shows a prominent
fibrosclerotic stroma with isolated tumor cells in small islands
or trabeculae.

v 3 % - o WA /

FIGURE 6. MASC with macrocystic growth pattern, in which
larger cystic structures were lined mostly by a single, and fo-
cally a double layer of cells with prominent or focal apocrine
differentiation including hobnail cells.

; P IAL . |
FIGURE 7. Thick fibrous septa with prominent hyalinization
and trabeculae of neoplastic cells embedded in a completely

hyalinized central part of the tumor were typical for ETV6-X
fusion (case 17).

12 | www.ajsp.com

FIGURE 8. MASC with high-grade transformation was seen in

1 patient (case 9, atypical ETV6/NTRK3 fusion). The tumor was
composed of 2 distinct carcinomatous components.
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1.10.3 MOLEKULARNI PROFILOVANI SEKRECNIHO KARCINOMU
MAMMARNIHO TYPU ODHALILO SKUPINU NADORU
DEFINOVANYCH NOVOU ETV6-RET TRANSLOKACI

Metodické pokroky molekularni genetiky pfinesly dalSi diagnosticky néstroj, a to
metodu masivniho paralelniho sekvenovéni, tzv. next generation sequencing (NGS), jejiz
pouziti umoznilo najit fizniho partnera SC s ETV6-X fuzi (34, 35). Metodou NGS byla
otestovana série nadort obsahujicich jednak 4 ptivodni ptipady SC oznacené jako ETV6-X a
jednak 26 ptipadi SC s ETV6 zlomem (detekovanym metodou FISH) ¢i s morfologii a
imunoprofilem odpovidajicimi SC, které¢ nebyly analyzovatelné¢ metodou FISH pro nizkou
kvalitu vstupniho materialu.

Tento postup odhalil v 10 ptfipadech novou a v SC doposud nepopsanou fuzi mezi
exonem 6 genu ETV6 a exonem 12 genu RET. Fuze byla potvrzena v 9 ptipadech metodami
RT-PCR ¢i FISH a v 1 ptfipadé nebylo ke konfirmaci ETV6-RET faze dostatecné mnozstvi
materialu.

Navazujici klinické sledovani bylo provedeno v 8 z 10 piipadi s potvrzenou ETV6-RET
fuzi. VSechny tumory byly odstranéné chirurgickou excizi; 5 z nich bylo feSeno subtotalni
konzervativni parotidektomii a 4 ptipady prostou excizi, 1 piipad byl bez informaci o 1é¢bé. Ve
dvou pfipadech nasledovala po chirurgické¢ 1écbé radioterapie. V jednom piipadé¢ SC
komplikovaného metastatickym rozsevem nasledovala po parcidlni parotidektomii
konkomitantni chemoterapie s radioterapii.

Translokace ETV6-RET doposud nebyla popsana v zadném jiném nadoru slinnych zlaz
nez v SC.

Vystupem prace bylo popsani nové genove tuze ETV6-RET v 10 ptipadech SC. OdliSeni
alternativni fuze sucasti RET onkogenu je dulezité zejména u pacientd s pokrocilym
onemocnénim, kde bézné terapeutické postupy selhavaji. Obdobné jako tyrozinkindzovy
receptor C (TrkC lokus) NTRK3 genu lze vyuZit pro aplikaci tyrozinkinazovych inhibitort (43),
tak 1 na pokrocilé maligni onemocnéni s RET fuzi lze cilit prostfednictvim RET-inhibitord,
jakymi jsou napiiklad Blue 667 ¢i LOXO 292 (45, 75, 76).
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Abstract: ETV6 gene abnormalities are well described in tumor
pathology. Many fusion partners of ETV6 have been reported in
a variety of epithelial, mesenchymal, and hematological malig-
nancies. In salivary gland tumor pathology, however, the
ETV6-NTRK3 translocation is specific for (mammary analog)
secretory carcinoma, and has not been documented in any other
salivary tumor type. The present study comprised a clinical,
histologic, and molecular analysis of 10 cases of secretory
carcinoma, with typical morphology and immunoprofile har-
boring a novel ETV6-RET translocation.
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(Am J Surg Pathol 2018;42:234-246)

M ammary analog) secretory carcinoma of salivary
gland origin is a recently described tumor that
harbors a characteristic balanced t(12;15)(p13;q25) chro-
mosomal translocation resulting in an ETV6-NTRK3
fusion! identical to that commonly found in secretory
carcinoma (SC) of the breast.? The ETV6-NTRK3 fusion
gene encodes a chimeric tyrosine kinase with transforming
activity in epithelial and myoepithelial cells in the mouse
mammary gland.’

Over many years, Skalova et al' began to identify
a distinctive, hitherto unrecognized neoplasm arising in
the salivary glands characterized by morphologic and
immunohistochemical features strongly reminiscent of
those of SC of the breast. These salivary carcinomas are
composed of microcystic and solid areas with abundant
vacuolated colloid-like periodic acid-Schiff-positive secre-
tory material within the microcystic spaces. These tumors
had previously been categorized as either unusual variants
of salivary acinic cell carcinoma (AciCC) or ad-
enocarcinoma not otherwise specified.!

Salivary SC was initially recognized as an entity
different from AciCC on the basis of 3 major findings.!
First, SC showed no basophilia in the cytoplasm of any of
the constituent cells, which is the hallmark of the serous
acinar cells of AciCC resulting from the presence of cy-
toplasmic zymogen granules. Second, these neoplasms had
a completely different immunohistochemical profile, al-
most always expressing S100 protein, mammaglobin,
vimentin, STATS, and MUC4, all of which are rarely
expressed in AciCC. Finally, SCs were found to harbor an

Am | Surg Pathol » Volume 42, Number 2, February 2018
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TABLE 1. Antibodies Used for Immunohistochemical Study

Antibody Specificity Clone Dilution Antigen Retrieval/Time (min) Source

S100 protein Polyclonal RTU CCl1/20 Ventana
CK7 OV-TL 12/30 1:200 CCl/36 Dako Cytomation
GCDFP-15 EP1582y RTU CCl/64 Cell Marque
Mammaglobin 304-1A5 RTU CC1/36 Dako Cytomation
STAT 3a Polyclonal 1:400 CCl1/36 Assay Designs Inc.
Ki-67 30-9 RTU CCl/64 Ventana

P63 4A4 RTU CCl/64 Ventana
DOGI1 SP31 RTU CCl1/36 Cell Marque
GATA3 1L50-823 1:200 CCl/52 BioCare Medical
SOXI10 Polyclonal 1:100 CCl/64 Cell Marque

CC1 indicates EDTA buffer, pH 8.6: RTU, ready to use (prediluted).

ETV6-NTRK3 fusion gene due to a t(12; 15)(pl3.q25)
translocation, a finding identical to SC of the breast?
and absent in AciCCs.! Because of the morphologic
similarities and identical ETV6-NTRK3 fusion transcripts,
the designation “mammary analog secretory carcinoma of
salivary gland” has been proposed,! and the name was
widely accepted and used in the literature. The most recent
version of the World Health Organization Classification of
Head and Neck Tumors, however, utilizes the terminology
“secretory carcinoma”™ for consistency, and because SCs
have been recently described at other extrasalivary and
extramammary sites, such as thyroid gland,’ 8 skin,?1 and
sinonasal mucosa.'!

The presence of the ETV6-NTRK3 fusion gene has not
been demonstrated in any other salivary gland tumor, but
the same translocation can be seen not only in SC of breast,?
but also in infantile fibrosarcoma,'? congenital mesoblastic
nephroma,'® certain hematopoietic malignancies,'* ALK-
negative inflammatory myofibroblastic tumors,'> a small
subset of gastrointestinal stromal tumors,'® and in radia-
tion-induced papillary thyroid carcinomas.!” Moreover,
ETV6-NTRK3 translocated papillary thyroid cancers have
been recently described in adult patients with no history of
radiation exposure.'®

The near 100% rate of ETV6 gene rearrangement in SC
has been subsequently confirmed by many other studies.!* 2
Detection of ETV6 rearrangements by fluorescent in situ

hybridization (FISH) or the ETV6-NTRK3 fusion by reverse-
transcriptase polymerase chain reaction (RT-PCR) in for-
malin-fixed paraffin-embedded (FFPE) material is technically
relatively straightforward and > 300 cases of SC have been
published since its original description.

Up until now, in all published cases of SC where the
fusion partner is identified, ETV6 is fused with NTRK3,
and no other fusion partners have been reported so
far. Nevertheless, for several years, we have been aware of
several SC cases positive for the ETV6 gene split as
visualized by FISH, but in which the classic ETV6-NTRK3
fusion transcript (exon 5-exon 15 junction) was not
detected by standard RT-PCR. A subset of SCs showing
ETV6 rearrangements with so far unknown partners have
been recently reported and provisionally called ETV6-X
translocated SCs,2® in agreement with a study of Ito
et al,”” who found 2 such cases. In the present study using
the next-generation sequencing (NGS) as a diagnostic
platform, we describe 10 cases morphologically and
immunohistochemically typical of SC, harboring a novel
ETV6-RET translocation.

MATERIALS AND METHODS
Among >4500 cases of primary salivary gland tu-
mors, 194 cases of SCs were retrieved from the con-
sultation files of the Salivary Gland Tumor Registry, at

TABLE 2. Primers for Detection of ETV6-NTRK3 Fusion Transcripts

Original Primer Name Sequence Annealing Temperature (°C) Localization
ETV6-ex4-F3 AGCCGGAGGTCATACTGCAT 55 ETV6 exon 4 inner
ETV6-ex4-F4 CATTCTTCCACCCTGGAAAC 55 ETV6 exon 4 outer
ETV6BT ACATCATGGTCTCTGTCTCCCCGC 55 ETV6 exon 5 inner
TEL971* (ETV6AT) ACCACATCATGGTCTCTGTCTCCC 65 ETV6 exon 5 outer
NTRK3-ex14-R1 GTGATGCCGTGGTTGATGT 8% NTRK3 exon 14 inner
NTRK3 ex14-R2 AGTCATGCCAATGACCACAG 55 NTRK3 exon 14 outer
NTRK3Bf TTCTCGCTTCAGCACGATGTCT 55 NTRK3 exon 15 inner
TRKC1059* (NTRK3At) CAGTTCTCGCTTCAGCACGATG 65 NTRK3 exon 15 outer
ETV6-Archerl-F1 CGATGGGAGGACAAAGAATC 55 ETV6 exon 6
RET-Archer!-R1 AACCAAGTTCTTCCGAGGGA 55 RET exon 12
ETV6-Archerl-F2 CAACGGACTGGCTCGACTG 55 ETV6 exon 6
RET-Archer1-R2 GACCACTTTTCCAAATTCGCCT 55 RET exon 12

*Bourgeois et al*
tlto et al 27 Skalova et al2®
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FIGURE 1. A, The result of analysis by NGS with custom-designed ArcherDX Kit of case 3 (case 17 in Skalova et al?%). Analysis
revealed the presence of fusion transcript ETV6-RET joining exons 6 and 12, respectively. The red arrows represent position of
primers. B, The confirmation of the presence of ETV6-RET fusion transcript by RT-PCR followed by Sanger sequencing. The black

arrow indicates area of fusion.

the Department of Pathology, Faculty of Medicine in
Plzen, and Biopticka Laborator Ltd, Plzen, Czech Re-
public (A.S. and M.M.).

The histopathologic features of all tumors and the
immunohistochemical stains, when available, were re-
viewed by 2 pathologists (A.S. and M.B.). A diagnosis of
SC was confirmed in cases that displayed, at least focally,
histologic features consistent with original description! in
conjunction with the appropriate immunohistochemical
profile, that is, coexpression of S100 protein, cytokeratin
CK7, and mammaglobin with the absence of p63 and
DOGT staining. For the purpose of this particular study,
we have included 4 cases of SC with ETV6-X profile from
study Skalova et al?® and 26 cases of SC with ETV6 gene
break found by FISH or with morphologic and im-
munochistochemical pattern of SC but without analyzable
ETV6 gene break by FISH due to low quality or lack of
material. Thus, a total of 30 SC cases were studied by
NGS using ArcherDX Fusion Plex Kit.

For conventional microscopy, the excised tissues
were fixed in formalin, routinely processed, embedded in
paraffin (FFPE), cut, and stained with hematoxylin and
eosin. In most cases, additional stains were also per-
formed, including periodic acid-Schiff with and without
diastase, mucicarmine, and alcian blue at pH 2.5.

For immunohistochemical studies, 4 pm thick sec-
tions were cut from paraffin blocks and mounted on
positively charged slides (TOMO, Matsunami Glass Ind.,
Japan). Sections were processed on a BenchMark UL-
TRA (Ventana Medical System, Tucson, AZ), deparaffi-
nized, and then subjected to heat-induced epitope retrieval
by immersion in a CC1 solution at pH 8.6 at 95°C. After
antigen retrieval, sections were stained with a pan-
RTK antibody cocktail consisting of rabbit monoclonal
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antibodies, all obtained from Cell Signaling (Danvers,
MA), targeting pan-Trk (A7H6R, active against TrkA,
TrkB, and TrkC, 1:50 dilution), ROSI (D4D6, 1:50), and
ALK (D5F3, 1:50), as described previously.28

All other primary antibodies used are summarized in
Table 1. The bound antibodies were visualized using the
ultraView Universal DAB Detection Kit (Roche) and
ultraView Universal Alkaline Phosphatase Red Detection
Kit (Roche). The slides were counterstained with the
Mayer hematoxylin. Appropriate positive and negative
controls were used.

Clinical follow-up was obtained from the patients,
their physicians, or from referring pathologists.

Molecular Genetic Study

Detection of ETV6-NTRK3 and ETV6-RET Fusion
Transcripts by RT-PCR

RNA was extracted using the RecoverAll Total
Nucleic Acid Tsolation Kit (Ambion, Austin, TX). cDNA
was synthesized using the Transcriptor First Strand cDNA
Synthesis Kit (RNA input 500 ng; Roche Diagnostics,
Mannheim, Germany). All procedures were performed
according to the manufacturer’s protocols. Amplification
of a 105 and 133 bp product of the p2-microglobulin gene
and 247 bp product of the PGK gene was used to test the
quality of the extracted RNA as previously described.??3!
A detection of classic exon 5 of ETV6 gene and exon 15 of
NTRK3 gene,*? as well as atypical exon 4 of the ETV6
gene and exon 14 of the NTRK3 gene (and their combi-
natorial variants) fusion transcript was performed by
RT-PCR. In addition, more sensitive, nested RT-PCR
was performed for the detection of classic?®?” as well
as selected atypical junction of transcripts. Except that,

Copyright © 2017 Wolters Kluwer Health, Inc. Al rights reserved.
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FIGURE 2. Interphase FISH analysis using break-apart probes (A-C) and dual-fusion probe (D). Positive cells with break-apart ETV6
(A) and RET (C) probes contain nucleus with separate (split) orange and (or) green signals indicating a rearrangement (break) of 1
copy of the gene region and also 1 orange/green (yellow) fusion signal representing 1 normal (intact) copy of homolog locus.
Negative cells with break-apart NTRK3 (B) probe contain only normal (not split) yellow signal. Positive cells using fusion probe
ETV6-RET (D) show orange/green (yellow) fusion signals representing translocation ETV6-RET and also separate orange and green

signals showing the intact genes.

RT-PCR for ETV6-RET fusion transcript detection was
also carried out after receiving of the NGS results.

For single-round PCR, 2L of ¢cDNA was added
to reaction consisting of 12.5pL of HotStar Taqg PCR
Master Mix (QIAgen, Hilden, Germany), 10 pmol of each
primer (Table 2), and distilled water up to 25puL. The
amplification program comprised denaturation at 95°C
for 14 minutes and then 45 cycles of denaturation at 95°C
for 1 minute, annealing at temperature seen in Table 2 for
I minute and extension at 72°C for 1 minute. The program
was finished by incubation at 72°C for 7 minutes. For
nested PCR, the same reaction conditions were utilized.
One microliter of PCR product from the first round was
used as a template.

Successfully amplified PCR products were purified
with magnetic particles of Agencourt AMPure (Agencourt

Copyright © 2017 Wolters Kluwer Health, Inc. All rights reserved.

Bioscience Corporation, A Beckman Coulter Company,
Beverly, MA). Products were then bidirectionally
sequenced using Big Dye Terminator Sequencing Kit
(Applied Biosystems, Foster City, CA), and purified with
magnetic particles of Agencourt CleanSEQ (Agencourt
Bioscience Corporation), all according to the manufacturer’s
protocol, and run on an automated sequencer ABI Prism
3130x1 (Applied Biosystems) at a constant voltage of 13.2kV
for 11 minutes.

Detection of Alteration of ETV6, NTRK3, and RET
Genes by FISH Method

Four-micrometer-thick FFPE sections were placed
onto positively charged slides. Hematoxylin and eosin—
stained slides were examined for determination of areas
for cell counting.
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TABLE 3. Molecular Genetics Findings in 10 Cases of SC With ETV6-RET Fusion

NGS FISH FISH RT-PCR FISH FISH RT-PCR
Case # Case# Results Fusion ETVé6ba NTRK3ba ETV6-NTRK3 RETba ETV6-RET ETV6-RET
1 6* + ETV6-RET + - . + + +
2 15* + ETV6-RET + - - + ND +
3 17* + ETV6-RET + - - + + +
4 20* + ETV6-RET + = - + + -
5 + ETV6-RET + = = + + +
6 + ETV6-RET ND ND - ND + +
7 + ETV6-RET + = - + + +
8 + ETV6-RET NA NA - NA + +
9 + ETV6-RET ND ND - ND ND -
10 12+ + ETV6-RET + - - + + +

*Skalova et al*® (Table 6).
+Stevens et al® (Table 2).
NA indicates not analyzable; ND, not done due to lack of material.

The unstained slides were routinely deparaffinized
and incubated in the X1 Target Retrieval Solution Citrate
pH 6 (Dako, Glostrup, Denmark) at 95°C for 40 minutes
and subsequently cooled for 20 minutes at room temper-
ature in the same solution. Slides were washed in de-
ionized water for 5 minutes and digested in protease
solution with Pepsin (0.5 mg/mL; Sigma Aldrich, St Louis,
MOQO) in 0.01M HCI at 37°C for 25 to 60 minutes,
according to the sample conditions. Slides were then
placed into deionized water for 5 minutes, dehydrated in a
series of ethanol solutions (70%, 85%, 96% for 2 min
each), and air dried.

Two commercial probes were used for the detection
of rearrangement of ETV6 and RET genes, Vysis ETV6
Break Apart FISH Probe Kit (Vysis/Abbott Molecular,
IL) and ZytoLight SPEC RET Dual Color Break Apart
Probe (ZytoVision GmbH, Bremerhaven, Germany).
ETVG6 probe was mixed with water and LSI/WCP (Locus-
Specific Identifier/Whole Chromosome Painting) Hybrid-
ization buffer (Vysis/Abbott Molecular) in a 1:2:7 ratio,
respectively. RET probe was factory premixed.

Probes for detection of rearrangement of NTRK3 gene
region and ETV6-RET genes fusion were mixed from cus-
tom designed SureFISH probes (Agilent Technologies Inc.,
Santa Clara, CA). Chromosomal regions for NTRK3
break-apart probe oligos are chrl5:87501469-88501628 and

chr15:88701444-89700343; for ETV6-RET fusion probe,
chr12:11675872-12175711 and chr10:43354893-43849282.
Probe mixture was prepared from corresponding probes
(each color was delivered in a separate well), deionized
water, and LSI Buffer (Vysis/Abbott Molecular) in a 1:1:1:7
ratio, respectively.

An appropriate amount of mixed and premixed
probes was applied on specimens, covered with a glass
coverslip, and sealed with rubber cement. Slides were
incubated in the ThermoBrite instrument (StatSpin/Iris
Sample Processing, Westwood, MA) with codenaturation
at 85°C for minutes and hybridization at 37°C for hours.
Rubber cemented coverslip was then removed and the
slide was placed in posthybridization wash solution
(2xSSC/0.3% NP-40) at 72°C for 2 minutes. The slide was
air dried in the dark, counterstained with 4’,6'-diamidino-
2-phenylindole DAPI (Vysis/Abbott Molecular), cover-
slipped, and immediately examined.

FISH Interpretation

The sections were examined with an Olympus BX51
fluorescence microscope (Olympus Corporation, Tokyo,
Japan) using a X100 objective and filter sets Triple
Band Pass (DAPI/SpectrumGreen/SpectrumOrange),
Dual Band Pass (SpectrumGreen/SpectrumOrange), and
Single Band Pass (SpectrumGreen or SpectrumOrange).

TABLE 4. Details of NGS Analysis by the Archer Platform in 10 Cases of SC With ETV6-RET Translocation

NGS Exons Included in No. Valid Fusion % of Reads Supporting No. Unique Start
Case # Case # Results Fusion Fusion Read Fusion Sites
1 Case 6% + ETV6-RET 6-12 51 100 17
2 Case 15* + ETV6-RET 6-12 84 20.1 33
3 Case 17* + ETV6-RET 6-12 1126 235 183
4 Case 20* + ETV6-RET 6-12 15 1.8 10
5 -+ ETV6-RET 6-12 163 11.4 63
6 + ETV6-RET 6-12 21 100 11
7 £ ETV6-RET 6-12 49 14 32
8 + ETV6-RET 6-12 100 86.2 51
9 + ETV6-RET 6-12 41 60.3 14
10 Case 12t + ETV6-RET 6-12 24 14.8 17

*Skalova et al’® (Table 6).
tStevens et al® (Table 2).
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TABLE 5. Clinical Findings in 10 SCs With ETV6-RET Fusion Transcript

Agel Local Length of Metastasis Follow-
Case # Sex Case #  Stadium TNM  Recurrence Symptoms (y, mo) Treatment up Outcome
50/M  Case 6* NA NA NA NA NA NA
2 29/M  Case 15* pT2pNIMO No 6y LN+ SP and RT, no neck 4y6 Alive NED
dissection mo
3 31/M Case 17* pT3pNOMO Residual Ty No Excision radical 4y Alive NED
tumor resection (1 mo)
4 77/F  Case 20 PT2NOMO No ly No Excision, RT 3y DOC
9 S51/M pT3INOMO Residual 15mo No Excision SP after 8mo Alive NED
tumor 3mo
6 20/F pT3INOMO No NA No PE NA NA
7 55/M pT3NOM3 No 3y Multiple bone meta PP, RT, and CHT 2y DOD
(pelvic, scapula)
at 15mo
8 28/F pTINOMO No I mo No Parotid resection and 2y Alive NED
lymphadenectomy
level TI: 12 lymph
nodes negative
9 33/M pT1pNO (0/2) No 6mo No PP 3y9 Alive NED
mo
10 34/M  Case 121  pT2NOMO (0/1) No Several months, No Sp 4y2 Alive NED
very slow mo

enlargement

*Skalova et al*® (Table 6).
+Stevens et al® (Table 2).

CHT indicates chemotherapy; DOC, dead of other causes; DOD, dead of disease; LN, lymph nodes; NA, not available; NED, no evidence of disease; PE, parotidectomy;

PP, partial parotidectomy; RT, radiotherapy: SP, superficial parotidectomy.

For each probe, 100 randomly selected nonoverlapping
tumor cell nuclei were examined for the presence of yellow or
green and orange fluorescent signals. Regarding break-apart
probes, yellow signals were considered negative, and separate
orange and green signals were considered positive; conversely,
for fusion probe, yellow signals were considered positive,
and separate orange and green signals were considered
negative.

Cutoff values were set to >10% and 20% of nuclei
(break-apart and fusion probes, respectively) with chro-
mosomal breakpoint signals (mean, +3 SD rounded up in
normal non-neoplastic control tissues).

Sample Preparation for NGS

For NGS studies, 2 to 3 FFPE sections (10 pm thick)
were macrodissected to isolate tumor-rich regions. Sam-
ples were extracted for total nucleic acid using Agencourt
FormaPure Kit (Beckman Coulter, Brea, CA) following
the corresponding protocol with an overnight digest and
an additional 80°C incubation as described in mod-
ification of the protocol by ArcherDX (ArcherDX Inc.,
Boulder, CO). Total nucleic acid was quantified using the
Qubit Broad Range RNA Assay Kit (Thermo Fisher
Scientific) and 2 uL of sample.

RNA Integrity Assessment and Library Preparation
for NGS

Unless otherwise indicated, 250 ng of FFPE RNA was
used as input for NGS studies. To assess RNA quality, the
PreSeq RNA QC Assay using iTaq Universal SYBR Green
Supermix (Biorad, Hercules, CA) was performed on all
samples during library preparation to generate a measure of

Copyright © 2017 Wolters Kluwer Health, Inc. All rights reserved.

the integrity of RNA (in the form of a cycle threshold
value). Library preparation and RNA QC were performed
following the Archer Fusion Plex Protocol for Illumina
(ArcherDX Inc.). A custom primer set with 28 primers
spanning regions on 3 specific genes of interest, including all
8 exons of ETV6 gene in 3’ direction, was designed and
used. Final libraries were diluted 1:100,000 and quantified
in a 10pL reaction following the Library Quantification
for Illumina Libraries protocol and assuming a 200 bp
fragment length (KAPA, Wilmington, MA). The concen-
tration of final libraries was around 200 nM. The threshold
representing the minimum molar concentration for which
sequencing can be robustly performed was set at 50 nM.

NGS and Analysis

Libraries were sequenced on a MiSeq sequencer
(Illumina, San Diego, CA). They were diluted to 4 nM and
equal amounts of up to 16 libraries were pooled per
run. The optimal number of raw reads per sample was set
to 500,000. Library pools were diluted to 16 pM library
stock with 5% 12.5pM PhiX and loaded into the MiSeq
cartridge. Analysis of sequencing results was performed
using the Archer Analysis software (v5; ArcherDX Inc.).
Fusion parameters were set to a minimum of 5 valid
fusion reads with a minimum of 3 unique start sites within
the valid fusion reads.

RESULTS

Molecular Genetic Findings
Selected 30 cases of SC (as described earlier) were
analyzed by NGS using the ArcherDX analysis platform.
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TABLE 6. Clinical and Histologic Findings in 10 SCs With ETV6-RET Fusion Transcript

Tumor Thick
Case Age/ Case Size Surgical Fibrous Hyalinized Invasion Cystic
# Sex # Location (mm) Capsule Margins Septa  Sclerosis (LVL, PN) Pattern  Necrosis Ci
1 50/M  Case Lip 15 NA 2 No No NA No = Fragmented
6* tissue
2 29/M  Case Parotid 23 No 1 + ++ PN+, LVI No — Hyalinized,
15* +Extraglandular, multilobular,
muscle invasion microeystic,
and solid
growth pattern
3 31/M  Case  Submand 30 No 2 ++ ++ PN+ No - Hyalinized,
17* multilobular,
microcystic
4 71F  Case  Submand 70 Focal + + No + = Multicystic,
20* papillary with
apocrine cells
5 S1/M Parotid 10 No 1 ++ ++ PN+ No + Central
hyalinized
sclerosis,
invasive growth
pattern
6 20/F Parotid 40 No 2 + + Extraglandular No = Lobular,
microcystic
7 55/M Parotid 70 No 2 + + PN+, + + High grade
perivascular component
8 28/F Parotid 12 No 1 + + Intraglandular No = Predominantly
solid and
microcystic
9 33/M Parotid 17 + 1 No No No + - Predominantly
cystic
10 34/M  Case Parotid 19 + 0 No No No + = Multicystic with
12§ mural nodules
*Skalova et al*® (Table 6).
Stevens et al® (Table 2).
Surgical margins: free-0; close (means distance from the tumor <0.5mm ) -1; positive-2.

F indicates female; LVI, lymphovascular invasion; M, male; NA. not available: PN, perineural invasion.

This analysis detected a novel ETV6-RET fusion tran-
script joining exon 6 of ETV6 gene and exon 12 of RET
gene in 10 cases of salivary gland tumors displaying
histologic and immunohistochemical features typical of
SC (Fig. 1). All but 1 ETV6-RET positive SC case were
then tested by at least 1 FISH probe for the presence
of ETV6-RET rearrangements (Fig. 2). In case 9, there
was no residual tissue material for confirmation of
the NGS analysis by FISH tests. In addition, RT-PCR
for the confirmation of the presence of ETV6-RET fusion
transcript followed by Sanger sequencing on positive
samples was performed in all 10 cases (Fig. 1). The results
of the NGS tests, details of the analysis, and results of
confirmatory genetic tests are summarized in Tables 3 and
4. In addition, NGS analysis resulted in detection of the
ETV6-NTRK3 fusion in 15 SC cases. In 4 cases, NGS
revealed negative results, and 1 case was unanalyzable
(detailed data not shown). No other fusion transcripts
different from ETV6-NTRK3 or ETV6-RET were found
by NGS in any analyzable case of SC.

Clinical and Histologic Characteristics of the
Study Group

The clinical and follow-up data of 10 patients
with ETV6-RET translocated SC of salivary glands are
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summarized in Table 5. There were 3 female and 7 male
patients. The median patient age was 40.8 years, with a range
between 20 and 77 years. The most common anatomic site of
involvement was the parotid gland, occurring in 7 patients.
Other primary sites of the origin included the submandibular
gland and minor salivary gland of the upper lip in 2 patients
and 1 patient, respectively.

Follow-up Data

Clinical follow-up data were obtained from 8 patients,
and ranged from 6 to 50 months (mean, 36 mo); 2 patients
were lost to follow-up. Detailed clinical, follow-up, and
histologic findings in 10 patients with ETV6-RET trans-
located SC are summarized in Table 5.

All tumors were treated by surgical excision; in
1 patient the excision was radical with clear surgical
margins, in 4 cases the surgical margins were positive, and
in 4 additional patients, the tumor infiltration was close
(<0.5mm) to the surgical margins. Five patients under-
went subtotal conservative parotidectomy, in 3 of them
in combination with radiotherapy (cases 2, 4, and 7).
Residual tumors were treated by radical reexcision
with clear surgical margins in 2 patients. Concomitant
chemotherapy and radiotherapy was used in 1 patient with
high-grade transformed SC complicated by metastatic
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FIGURE 3. A, SC is well circumscribed and surrounded by a thick fibrous capsule enclosing predominantly multicystic growth
pattern with multiple mural nodules. The cysts were lined mostly by a single or focally by a double layer of cells with prominent
apocrine differentiation including hobnail (B) and vacuolated foamy cells (C). The fibrous capsule and septa comprised psammoma

bodies in places (D).

disease at 15 months after surgery (case 7). Clinical and
follow-up findings are summarized in Table 5.

Macroscopic Features

Detailed clinical and morphologic findings in 10
patients with ETV6-RET translocated SC are summarized
in Table 6. The median tumor size was 3.6 cm, with a
range of 1.0 to 7.0 cm. Grossly, most tumors were variably
invasive: 2 were entirely circumscribed and encapsulated,
1 had focally infiltrative edges, and 7 were predominantly
infiltrative.

Microscopic and Immunohistochemical Features

On low power magnification, 3 major growth
patterns of SC were identified in our material. First, 3
tumors were well circumscribed and surrounded by a
thick, focally uninterrupted, fibrous capsule enclosing a
predominantly multicystic growth pattern with multiple
mural nodules (Fig. 3A). The cysts were lined mostly by a
single or focally by a double layer of cells with prominent
apocrine differentiation including hobnail and vacuolated
foamy cells (Figs. 3B, C), and contained abundant

Copyright © 2017 Wolters Kluwer Health, Inc. All rights reserved.

proteinaceous eosinophilic material. The fibrous capsule
and septa comprised psammomatoid calcifications in some
places (Fig. 3D). The second pattern was characterized by
solid and microcystic growth with a multilobular structure
divided by thin fibrous septa (Fig. 4A). The tumors either
lacked a capsule or were only partially encapsulated with
prominent infiltrative borders (Fig. 4B). These cases were
predominantly composed of microcystic and slightly
dilated glandular spaces filled with a variable amount of
eosinophilic homogenous secretory material (Fig. 4C).
The third pattern, prevailing in 3 cases, comprised a
prominent fibrosclerotic stroma with isolated tumor cells
in small islands or trabeculae, which were seen in the
central part of the tumor (Fig. 5A). In case 7, 2 different
growth patterns were seen, in particular low-grade
components arranged in multiple macrocystic and
microcystic lobules with comedo-like necroses, and high-
grade components with limited secretory material and
high proliferative activity (Fig. 5B).

However, most tumors demonstrated 2 or more ar-
chitectural patterns, with microcystic, tubular, solid, and
papillary patterns often occurring together. Regardless of
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FIGURE 4. A, SC is characterized by solid and microcystic growth with a multilobular structure divided by thin fibrous septa. B, The
tumor has a prominent infiltrative border. C, The tumor is predominantly composed of microcystic and slightly dilated glandular
spaces filled with a variable amount of eosinophilic homogenous secretory material.

the growth pattern of SC, the tumor cells were often bland
looking, with abundant pale pink vacuolated and foamy
cytoplasm and with vesicular oval nuclei with a single
small but prominent nucleolus. The cytologic features
were similar from case to case. The range of nuclear atypia
was assessed as grades 1 to 3. Mitotic figures were rare and
necrosis was absent. Prominent perineural and intraneural
invasion was seen in case 7 (Fig. 5C). Only 1 patient
(case 2) presented with a single periparotideal lymph node
metastasis at the time of diagnosis.

Immunohistochemical Findings

By immunohistochemistry, all examined SC cases
were positive for S100 protein (Fig. 6A), mammaglobin
(Fig. 6B), typically in strong and diffuse fashion (secretory
material was also positive), and cytokeratin CK7
(Fig. 6C). GATA-3, SOX-10 (Fig. 6D), and STAT5a
expression was detected in 3/6, 5/6, and 2/3 cases,
respectively. P63 protein was completely negative in most
cases, with limited areas of positive peripheral myoepithelial
cell staining suggestive of a focal intraductal component
in 3 cases. DOG] was negative in all examined cases.
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Proliferative activity was generally low, with a mean MIBI
index of 15% (range, 5% to 40%).

DISCUSSION

Salivary gland tumors are increasingly being found
to have characteristic chromosomal rearrangements. SC
is a salivary gland tumor that recapitulates the histology
and genetics of a rare malignancy of the breast SC.
These tumors are defined by the t(12;15)(q13;q15) trans-
location, a fusion of the E7T'V6 gene from chromosome
12 and the NTRK3 gene from chromosome 15. The
same translocation has been detected in most cases
of the infantile fibrosarcomas, congenital mesoblastic
nephromas,!® chronic eosinophilic leukemias,®® acute
myeloid leukemia,'* and some papillary carcinomas
of the thyroid with and without previous irradiation.'®
These groups of tumors are the focus of interest,
because tumors with ETV6-NTRK3 fusion translocation
respond well to treatment by entrectinib, which is a potent
inhibitor of tyrosine kinases TRKA/B/C, ROSI, and
ALK. The drug entrectinib is administered orally, is safe
and well tolerated, and can cross the blood-brain barrier,

Copyright © 2017 Wolters Kluwer Health, Inc. All rights reserved.
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FIGURE 5. A, The third pattern of SC has a prominent fibrosclerotic stroma with isolated tumor cells in small islands or trabeculae
were seen in the central part of the tumor. B, High-grade component of SC with limited secretory material and high proliferative
activity. C, Prominent perineural and intraneural invasion was seen in 1 tumor.

so that it can be effective for treatment of brain
metastases. 3>

Originally it appeared that all cases of SC share
the same ETV6-NTRK3 fusion translocation. However, in
recent years Ito et al’’ and Skalova et al?® described alto-
gether 6 cases of SC with the ETV6 gene split detected by
FISH, but in which the ETV6 gene appeared to be fused
with a gene different to NTRK3. These cases were marked
as SCs with ETV6-X fusion.

Herein, we describe a novel ETV6-RET fusion in 10
cases of salivary gland carcinomas with histologic features
and IHC profile typical of SC, including the 4 ETV6-X SC
cases published previously.?® The presence of ETV6-RET
fusion in SC was proven by at least 3 independent tests
(NGS, FISH, RT-PCR), in all but 2 cases (Table 3, cases 4
and 9). In case 4, NGS and FISH confirmed ETV6-RET
fusion but RT-PCR was negative, probably due to low or
focal expression of fusion transcript (Table 4). Case 9 was
the only sample unconfirmed by independent analysis.
There was a lack of material for FISH analysis and
RT-PCR for ETV6-RET fusion transcript detection was

Copyright © 2017 Wolters Kluwer Health, Inc. All rights reserved.

negative. In this case, low quality of RNA rather than low
or focal expression is responsible for this result.

The alternative ETV6-RET transcription will be
important for treatment of those SCs with uncontrolled
regional growth or SCs with metastatic foci, as treatment
with entrectinib and similar drugs with the same target
specificity will probably be ineffective in these SCs with
alternative fusion transcript different from E7TV6-NTRKS.
The alternative fusion partner different from ETV6-NTRK3
in SC should not be of great surprise, because infantile
fibrosarcoma with ETV6-NTRK3 translocation may
have alternative EML4-NTRK3 translocation,’® and there
are descriptions of acute myeloid leukemias in which the
ETV6 gene fuses with many alternative fusion partners,
including ETV6-ABLI,>) ETV6-LPXN,*® ETV6-RUNX1,%
ETV6-NCOA2,* and many others.

To our knowledge, ETV6-RET fusions have not
been reported in salivary gland tumors so far. Notably,
however, recent studies using RNA sequencing have
revealed that salivary duct carcinoma (SDC) may also be
added to the growing list of gene fusion-positive salivary
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FIGURE 6. SC cases were all positive for S100 protein (A), mammaglobin (B), typically in strong and diffuse fashion (secretory
material was also positive), and cytokeratin CK7 (C). SOX-10 positive nuclear expression is present (D).

carcinomas. NCOA4-RET fusions have been found in
2 SDCs.*' Both NCOA4-RET translocated SDCs were
positive for androgen receptors, and the tumors progressed
in spite of undergoing concurrent chemoradiation, com-
bination chemotherapy, and dual androgen deprivation
therapy. Both patients with NCOA4-RET translocation,
however, benefited from RET-targeted therapy.*!

The treatment of SC has varied, ranging from simple
excision to radical resection, neck dissection, adjuvant ra-
diotherapy, and/or adjuvant systemic chemotherapy.!+243
For patients presenting with a locally advanced, recurrent,
or metastatic disease, the treatment options are currently
limited and mainly palliative.*>*} Therefore, SCs with
ETV6-RET fusion translocation must be clearly dis-
tinguished from SCs with ETV6-NTRK3 translocation,
because the drugs RXDX105 and LOXO 292, effective
with various tumors driven with RET gene alterations, are
being tested for the treatment. SCs with ETV6-RET
translocation might respond much better to these drugs,
whereas entrectinib and similar inhibitors of &osine kin-
ases TRKA/B/C will probably be ineffective.* 47

244 | www.ajsp.com

In summary, a novel finding in our study has been
the discovery of a subset of SC patients with ETV6-RET
fusions who may benefit from RET-targeted therapy.
Many salivary gland malignancies are still included in
the group of adenocarcinomas not otherwise specified.
We believe that detailed genomic profiling and NGS of a
large cohort of these unspecified neoplasms may lead to the
identification of novel gene fusions and driver mutations
characterizing new clinically relevant subgroups of salivary
gland carcinomas. This study highlights that further
molecular analyses of salivary gland tumors are warranted
and deserve special attention to identify new tumor types
with possible therapeutic implications.
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1.10.4 ROZSIRENI MOLEKULARNIHO SPEKTRA SEKRECNIHO KARCINOMU
SLINNYCH ZLAZ S NOVOU VIM-RET FUZI

Pfilozena studie hodnoti molekularné¢ geneticky profil v souboru 49 SC. Ve 40
ptipadech byla zjisténa klasicka ETV6-NTRK3 fuze, v 8 piipadech se jednalo o ETV6-RET a
v jednom piipadé byla zjisténa fuze VIM-RET. Navic byla v jednom ptipadé SC metodou NGS
zjiSténa dudlni faze ETV6-NTRK3 a MYB-SMR3B.

Ptipad s VIM-RET fuzi byl ptedstavitelem klasického SC. Kromé ptipadu SC ptiusni
zlazy s CTNNA 1-ALK reportovaného Sasakim a spol. (40) se jedna o druhy ptipad SC bez ucasti
S’ETV6 genu. I tento pacient by (obdobné jako pacienti z pfedchozich studii tykajicich se RET-
onkogenu) mohl profitovat z biologické 1é€by RET-inhibitory (45, 75, 76).

Druhy pfipad nédoru s dudlni fuzi byl naproti tomu variantou high-grade SC.
Histologicky byl solidné rostouci s hyalinizaci az sklerotizaci stromatu, misty se zastizenym
desmoplastickym stromatem a komedo nekrézami. Tento pacient vyvinul v odstupu 48 a 62
meésict lokdlni recidivy. Molekularn€¢ geneticky byla zjisténa dudlni fhze sestavena
z klasického fuzniho transkriptu ETV6-NTRK3 a enigmatické fuze MYB-SMR3B. MYB gen je
znamy z translokace MYB-NFIB adenoidné cystického karcinomu (77). V porovnani
s pokrocilymi znalostmi o MYB genu je povédomi o SMR3B genu zatim nedostatecné
prozkoumané a vi se pouze, ze se funkéné uplatituje vyhradné ve slinnych zlazach. Lze tudiz
spekulovat, Ze spole¢né s genem MYB muZe hrét roli v progresi nddorového onemocnéni a
v mozné high-grade transformaci SC.
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Expanding the Molecular Spectrum of Secretory
Carcinoma of Salivary Glands With a Novel VIM-RET Fusion
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Background: Secretory carcinoma (SC), originally described as
mammary analogue SC, is a predominantly low-grade salivary
gland neoplasm characterized by a recurrent t(12;15)(p13:q25)
translocation, resulting in ETV6-NTRK3 gene fusion. Recently,
alternative ETV6-RET, ETV6-MAML3, and ETV6-MET fusions
have been found in a subset of SCs lacking the classic ETV6-NTRK3
fusion transcript, but still harboring ETV6 gene rearrangements.

Design: Forty-nine cases of SC revealing typical histomorphology
and immunoprofile were analyzed by next-generation sequencing
using the FusionPlex Solid Tumor kit (ArcherDX). All 49 cases of
SC were also tested for ETV6, RET, and NTRK3 break by fluo-
rescence in situ hybridization and for the common ETV6-NTRK3
fusions using reverse transcription polymerase chain reaction.

Results: Of the 49 cases studied, 37 (76%) occurred in the parotid
gland, 7 (14%) in the submandibular gland, 2 (4%) in the minor
salivary glands, and 1 (2%6) each in the nasal mucosa, facial skin,
and thyroid gland. SCswere diagnosed more frequently in males
(27/49 cases; 55%). Patients’ age at diagnosis varied from 15 to
80 years, with a mean age of 49.9 years. By molecular analysis,
40 cases (82%) presented the classic ETV6-NTRK3 fusion,
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whereas 9 cases (18%) revealed an alternate fusion. Of the 9 cases
negative for the ETV6-NTRK3 fusion, 8 cases presented with
ETV6-RET fusion. In the 1 remaining case in the parotid gland,
next-generation sequencing analysis identified a novel VIM-RET
fusion transcript. In addition, the analysis indicated that 1 re-
current high-grade case in the submandibular gland was positive
for both ETV6-NTRK3 and MYB-SMR3B fusion transcripts.

Conclusions: A novel finding in our study was the discovery of a
VIM-RET fusion in 1 patient with SC of the parotid gland who
could possibly benefit from RET-targeted therapy. In addition, 1
recurrent high-grade case was shown to harbor 2 different fusions,
namely, ETV6-NTRK3 and MYB-SMR3B. The expanded molec-
ular spectrum provides a novel insight into SC oncogenesis and
carries important implications for molecular diagnostics, as this is the
first SC-associated translocation with a non-E7V6 5’ fusion partner.
This finding further expands the definition of SC while carrying
implications for selecting the appropriate targeted therapy.

Key Words: salivary glands, minor, mammary analogue secre-
tory carcinoma, pathology, molecular, salivary gland neoplasms,
carcinoma, gene rearrangement, gene fusion, VIM-RET, ETV6-
NTRK3, ETV6-RET

(Am J Surg Pathol 2020;00:000-000)

S ecretory carcinoma (SC), originally described as mammary
analogue secretory carcinoma (MASC), is a predominantly
low-grade salivary gland neoplasm characterized by a recurrent
t(12;15)(p13:g25) translocation, resulting in ETV6-NTRK3
gene fusion.! The same ETV6-NTRK3 fusion gene has been
recognized earlier in SC of the breast,? and several other rare
malignancies, includinf infantile fibrosarcoma,’ congenital
mesoblastic nephroma,” papillary thyroid cancer,” and various
hematological neoplasms.

On the basis of overlapping morphologic, immunohis-
tochemical (S100 protein and mammaglobin [MMG] pos-
itivity/p63 negativity), and molecular genetic features with SC
of the breast,> we proposed the term “mammary analogue
secretory carcinoma of salivary gland.”! More recently, the
World Health Organization (WHO) Classification of Tumors
of the Head and Neck recommended a nomenclature change
of MASC to SC.
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Novel fusion in Secretory Carcinoma

Since its initial description, a number of published series
have expanded and further defined the clinicopathologic char-
acteristics of salivary SC.*'® Histomorphologically, most
tumors have been described as infiltrative. Fibrous septae di-
vide the tumors into multiple lobules that contain microcystic/
cribriform, solid, tubular/glandular, follicular, or papillary-
cystic structures with abundant intraluminal secretions. The
neoplastic cells appear bland with round to oval and hyper-
chromatic to vesicular nuclei with inconspicuous small nucleoli.
The cytoplasm has an eosinophilic, granular to vacuolated
appearance.! The recent description of 15 cases of macrocystic
SC'® further expanded the morphologic spectrum of salivary
SC. Moreover, since its initial description in the salivary glands,
cases of SC have been reported in a multitude of new locations,
such as the skin,'” ! the sinonasal tract,®*22 the lhyroid,23 2
and the lung,2® further highlighting the anatomic spectrum of
this entity.

The vast majority of SC cases harbor the canonical
ETV6-NTRK3 translocation.! Moreover, the current WHO
Classification of Tumors of the Head and Neck of 2017 rec-
ognizes that the integration of molecular advances into clinical
practice is inevitable and includes the ETV6-NTRK3 gene
fusion in the definition of SC.” However, a subset of SC cases
have been described that harbor ETV6 gene rearrangements,
but lack the classic NTRK3 fusion partner.?’?® With the ad-
vent of targeted next-generation sequencing (NGS) assays,
this was followed by the identification of novel alternative
ETV6 partners in a subset of SCs, such as RETY MET
and MAML33!

To our knowledge, this is the first VIM-RET gene
fusion reported in SC. This finding further expands the
molecular definition of SC and carries implications for
diagnostics and selection of appropriate targeted therapy.

MATERIALS AND METHODS

Case Selection and Clinicopathologic Review

The study was approved by the institutional review
board. Forty-eight cases of SC of salivary glands and 1 SC
of thyroid gland were retrieved from routine surgical
pathology files and from tumors contributed by the co-
authors to the consultation files of the Salivary Gland
Tumor Registry, at the Department of Pathology, Faculty of
Medicine in Plzen, and Biopticka Laboratory Ltd (Plzen,
Czech Republic). The cases were submitted either for con-
firmation of the original diagnosis or because of possible tar-
geted treatment of the patient. Clinical follow-up was obtained
from the patients, their physicians, or from referring patholo-
gists. The histopathologic features and the immunohisto-
chemical stains of all tumors were reviewed (A.S., M.B.), and
the diagnosis of SC was confirmed on the basis of morphologic
and immunohistochemical features consistent with the original
description.' The latter features comprised coexpression of
S100 protein, SOX10, CK7, and MMG in the absence of
DOGI and p63 staining.

For immunohistochemical studies, 4-pm-thick sections
were cut from paraffin blocks and mounted on positively
charged slides (TOMO; Matsunami Glass Ind., Japan).
Sections were processed on a BenchMark ULTRA

Copyright © 2020 Wolters Kluwer Health, Inc. All rights reserved.

TABLE 1. Antibodies Used for Immunohistochemical Study

Antigen
Antibody Retrieval/
Specificity Clone Dilution Time (min) Source
S100 protein ~ Polyclonal RTU CC1/20 Ventana
MMG 304-1A5 RTU CCl/36 DakoCytomation
CK7 OV-TL 12/30  1:200 CCl1/36 DakoCytomation
po63 4A4 RTU CCl/64 Ventana
DOGL SP31 RTU CCl/36 Cell Marque
GATA-3 L50-823 1:200 CCl/52 BioCareMedical
SOX10 Polyclonal 1:100 CCl/64 Cell Marque
Pan-TRK ATH6R 1:20 CCl/64 Cell Signaling
MIBI 30-9 RTU CCl/e4 Ventana
MYB EP769Y 1:100 CCl1/36 Abcam

CCI—EDTA buffer, pH 8.6.
RTU indicates ready to use.

(Ventana Medical SystemS, Tucson, AZ), deparaffinized, and
then subjected to heat-induced epitope retrieval by immersion
in a CC1 solution at pH 8.6 at 95°C. After antigen retrieval,
sections were stained with a pan-TRK antibody cocktail
consisting of rabbit monoclonal antibodies, all obtained from
Cell Signaling (Danvers, MA), targeting pan-Trk (A7H6R,
active against TrkA, TrkB, and TrkC, 1:50 dilution), ROSI
(D4D6, 1:50), and ALK (D5F3, 1:50), as described previo-
usly.2? All the other primary antibodies used are summarized in
Table 1. The bound antibodies were visualized using the
ultraView Universal DAB Detection Kit (Roche) and the
ultraView Universal Alkaline Phosphatase Red Detection
Kit (Roche). The slides were counterstained with the Mayer
hematoxylin. Appropriate positive and negative controls
were used.

All cases were analyzed by NGS using the Fusion-
Plex Solid Tumor kit (ArcherDX). All 49 cases of SC were
also tested for ETV6, RET, and NTRK3 break by fluo-
rescence in situ hybridization (FISH) and for the common
ETV6-NTRK3 fusion using reverse transcription polym-
erase chain reaction (RT-PCR).

Molecular Genetic Studies

Sample Preparation for NGS and RT-PCR

For NGS and RT-PCR analysis, 2 to 3 formalin-
fixed, paraffin-embedded (FFPE) sections (10 pm thick)
were macrodissected to isolate tumor-rich regions. Samples
were extracted for total nucleic acid using the Agencourt
FormaPure Kit (Beckman Coulter, Brea, CA). Both the RNA
integrity assessment and detailed description of the analysis
carried out using the Archer FusionPlex Solid Tumor Kit were
reported previously by our group.?”

RNA Integrity Assessment and Library Preparation
for NGS

Unless otherwise indicated, 250 ng of FFPE RNA
was used as an input for NGS library construction. To
assess RNA quality, the PreSeq RNA QC Assay using
iTaq Universal SYBR Green Supermix (Biorad, Hercules, CA)
was performed on all samples during library preparation to
generate a measure of the integrity of RNA (in the form of a
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cycle threshold [Cy] value). Library preparation and RNA QC
were performed following the Archer FusionPlex Protocol
for Mlumina (ArcherDX Inc.). The Archer FusionPlex Solid
Tumor Kit was used. Final libraries were diluted 1:100,000 and
quantified in a 10 pL reaction following the Library Quantifi-
cation for Illumina Libraries protocol and assuming a 200 bp
fragment length (KAPA, Wilmington, MA). The concen-
tration of final libraries was around 200 nM. The threshold
representing the minimum molar concentration for which se-
quencing can be robustly performed was set at 50 nM.

INGS Sequencing and Analysis

Libraries were diluted to 4 nM and sequenced on a
NextSeq sequencer (Illumina, San Diego, CA). The optimal
number of raw reads per sample was set to 3 million. Library
pools were diluted to 1.6 pM library stock with 20% 1.8 pM
PhiX and loaded in the NextSeq cartridge. The fusion and
other rearrangement detection algorithm of Archer Analysis
relies on the specificity of the gene-specific primers used in the
amplification steps in the AMP process. The resulting FASTQ
files were analyzed using the Archer Analysis software
(version 5.1.7; ArcherDX Inc.).

Detection of Alterations of ETV6, NTRK3, and RET
Genes by the FISH Method

Four-micron-thick FFPE sections were placed onto
positively charged slides. Hematoxylin and eosin—stained
slides were examined for determination of areas for cell
counting. The unstained slides were routinely deparaffi-
nized and incubated in the X1 Target Retrieval Solution
Citrate at pH 6 (Dako, Glostrup, Denmark) and at 95°C for
40 minutes and subsequently cooled for 20 minutes at room
temperature in the same solution. Slides were washed in de-
ionized water for 5 minutes and digested in protease solution
with pepsin (0.5 mg/mL; Sigma Aldrich, St Louis, MO) in
0.01 M HCI at 37°C for 25 to 60 minutes, according to the
sample conditions. Slides were then placed in deionized water
for 5 minutes, dehydrated in a series of ethanol solutions
(70%, 85%, and 96% for 2 min each), and air dried.

Two commercial probes were used for the detection of
rearrangement of ETV6 and RET genes, the Vysis ETV6
Break-Apart FISH Probe Kit (VysisAbbott Molecular, IL),
and ZytoLight SPEC RET Dual Color Break-Apart Probe
(ZytoVision GmbH, Bremerhaven, Germany). The ETV6
probe was mixed with water and LSI/WCP (Locus-Specific
Identifier/Whole Chromosome Painting) Hybridization buffer
(Vysis/Abbott Molecular) in a 1:2:7 ratio, respectively. The
RET probe was factory premixed. Probes for the detection of
rearrangement of the NTRK3 gene region were mixed from
custom-designed SureFISH probes (Agilent Technologies
Inc., Santa Clara, CA). Chromosomal regions for NTRK3
break-apart probe oligos are chrl5:87501469-88501628 and
chr15:88701444-89700343. Probe mixture was prepared from
the corresponding probes (each color was delivered in a sepa-
rate well), deionized water, and LSI Buffer (Vysis/Abbott
Molecular) in a 1:1:1:7 ratio, respectively.

An appropriate amount of mixed and premixed probes
was applied on the specimens, covered with a glass coverslip,
and sealed with rubber cement. Slides were incubated in the
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ThermoBrite instrument (StatSpin/Iris Sample Processing,
Westwood, MA) with codenaturation at 85°C for 8 minutes
and hybridization at 37°C for 16 hours. The rubber cemented
coverslip was then removed and the slide was placed in a
posthybridization wash solution (2XSSC/0.3% NP-40) at 72°C
for 2 minutes. The slide was air dried in the dark, counter-
stained with 4',6'-diamidino-2-phenylindole (DAPI; Vysis/Ab-
bott Molecular), coverslipped, and examined immediately.

FISH Interpretation

The sections were examined with an Olympus BX51
fluorescence microscope (Olympus Corporation, Tokyo,
Japan) using a X100 objective and filter sets Triple Band
Pass (DAPI/SpectrumGreen/SpectrumOrange), Dual Band
Pass (SpectrumGreen/SpectrumOrange), and Single Band Pass
(SpectrumGreen or SpectrumOrange). For each probe, 100
randomly selected nonoverlapping tumor cell nuclei were
examined for the presence of yellow or green and orange flu-
orescent signals. For the break-apart probe, yellow signals were
considered negative, and separate orange and green signals
were considered positive. Cutoff values for the break-apart
probes were set at > 10% of nuclei with chromosomal break-
point signals (mean+3 SD in normal non-neoplastic control
tissues).

RESULTS

Clinical Characteristics

Among the 49 studied cases, 37 (76%) occurred in the
parotid gland, 7 (14%) in the submandibular gland, 2 (4%) in
the minor salivary glands, and 1 (2%) each in the nasal mucosa,
facial skin, and thyroid gland. The majority of cases were di-
agnosed in males (27; 55%). Patient age at diagnosis varied
from 15 to 80 years, with a mean age of 49.9 years. Six SC
cases were previously published.!32*323 The clinicopathologic,
immunohistochemical, and molecular genetic findings of all 49
SC cases are summarized in Table 2.

Pathologic Features and Immunophenotype

The typical histologic features seen in most ETV6-
NTRKS3 fused SC included solid and microcystic growth pat-
tern with a multilobular architecture divided by thin fibrous
septa (Fig. 1A). The tumors either lacked a capsule (42/48;
86%) or were only partially encapsulated (7/48; 14%), mostly
showing prominent infiltrative borders (31/48; 65%). The tumor
cells had vesicular low-grade nuclei with finely granular
chromatin and distinctive centrally located nucleoli, surroun-
ded by pale pink granular or vacuolated cytoplasm. Most SC
cases were predominantly composed of solid and microcystic
(30/49; 61%) and slightly dilated glandular spaces filled with
a variable amount of eosinophilic homogenous secretory
material (Fig. 1B). A less common growth pattern previously
seen in SCs harboring the ET¥6-RET gene fusion,” comprised
a prominent fibrosclerotic stroma with isolated tumor cells in
small islands or trabeculae, which were often seen in the central
part of the tumor (Fig. 1C). Such a prominent sclerotic stroma
was present in 5 of 8 (60%) ETV6-RET translocated SCs, but
focal hyalinized stromal septa were seen in many other SCs
including cases with ETV6-NTRK3 fusion (Table 2).

Copyright © 2020 Wolters Kluwer Health, Inc. All rights reserved.

Copyright © 2020 Wolters Kluwer Health, Inc. All rights reserved.

61
63
65
67
69
71

75
77
79

81

85
87
89
91
93
95
97
99

101

105
107
109
111
113
115

117

63



W

13
15
17
19
21
23
25
27
29
31
33
35
37
39
41
43
45
47
49
51
53
55
57
59

Am | Surg Pathol * Volume 00, Number 00, l B 2020

Novel Fusion in Secretory Carcinoma

TABLE 2. Clinicopathologic, IHC, and Molecular Genetic Findings in 49 Cases of SC Analyzed by NGS'3.2%,32:33

Fibrous
Case Age Septal Capsule/ IHC IHC
No. (y) Sex Site Type of Growth  Hyalinization Invasion S100 MMG NGS FISH RT-PCR
1 56 Female Parotid Solid, microcystic Yes/yes Invasion 3+ 3+ VIM-RET ND VIM-RET
2 60  Male Submandibular Solid Yes/yes Invasion 3+ 2+ ETV6-NTRK3 ND ETV6-NTRK3
gland MYB-SMR3B
3% 47 Female Parotid left Glandular, NA/NA Invasion 3+ 3+  ETV6-NTRK3 ETV6-NTRK3 ETV6-NTRK3
macrocystic
4% 37  Male Submandibular  Tubular, glandular Yeslyes Invasion 3+ 3+  ETV6-NTRK3 ETV6-NTRK3 NA, neg
gland right
5 49  Male Parotid left Solid, microeystic Yes/no Circumscribed 3+ 3+  ETV6-NTRK3 ND ND
6 46  Female Parotid Solid, microcystic Yes/yes* Invasion 3+ 3+ ETV6-RET Neg Neg
7 52 Male Parotid Solid, papillary Nolyes Invasion 2+ 3+  ETV6-NTRK3 ETV6 ETV6-NTRK3
8 67  Male Submandibular Cystic No/no Circumscribed 3+ 2+  ETV6-NTRK3 ETV6 Neg
gland
9 51  Female Nasal mucosa Tubular, microcystic, Yes/no Invasion 1+ I+  ETV6-NTRK3 ETV6 Neg
papillary
10 52 Male Parotid Microcystic, lobular Yes/no Invasion 2+ 3+  ETV6-NTRK3 ETV6 ETV6-NTRK3
solid
11 36 Male Parotid Lobular solid, Yeslyes Invasion 2+ ND  ETV6-NTRK3 ETV6 ETV6-NTRK3
papillary, microcystic
1 21 Male Parotid Nodular, cystic Yes/no Circumscribed 2+ ND  ETV6-NTRK3 ETV6 ETV6-NTRK3
13 74 Female Parotid Cystic, papillary, Yes/no Circumscribed 2+ ND  ETV6-NTRK3 ETV6 ETV6-NTRK3
apocrine features
14 53  Female Parotid right Multilobular, Yes/yes Circumscribed 2+ 2+  ETV6-NTRK3 ETV6 ETV6-NTRK3
papillary but invasion
15 35 Female Parotid right Cystic, micropapillary, Yes/yes Circumscribed 1+ 1+  ETV6-NTRK3 ETV6 ETV6-NTRK3
tubular
16 15 Male Parotid left Multilobular solid Yeslyes Invasion 2+ 3+  ETV6-NTRK3 ETV6 ETV6-NTRK3
17 26 Female Submandibular — Multicystic, solid, Yes/yes Circumscribed 1+ 3+  ETV6-NTRK3 ETVo ETV6-NTRK3
gland left micropapillary but invasion
18 47 Female Parotid right Macrocystic, solid, No/no Partially 2+ 3+  ETV6-NTRK3 NA NA
microcystic encapsulated
19 59  Female Lower lip Nodular, solid. No/mo Encapsulated 1+ 3+  ETV6-NTRK3 ETV6 ETV6-NTRK3
mucosa microcystic
20 52 Male Parotid right Lobular, solid, Yes/yes Circumscribed, 1+ 1+ ETV6-NTRK3 ETVe ETV6-NTRK3
microcystic, partially
macrocystic, papillary encapsulated
21 30 Female Parotid left Cystic, microcystic, No/no Circumscribed 1+ 3+  ETV6-NTRK3 ETV6 ETV6-NTRK3
papillary, apocrine
22 80 Female Parotid right Solid, microcystic Yeslyes Circumscribed 2+ 3+  ETV6-NTRK3 ETV6 ETV6-NTRK3
partially
encapsulated
23 77 Female Parotid right Solid, microcystic Yes/yes Circumscribed 3+ 2+  ETV6-NTRK3 ETV6 ETV6-NTRK3
24 60  Male Parotid right Multinodular, Yeslyes Circumscribed 3+ 3+  ETV6-NTRK3 ETV6 ETV6-NTRK3
micropapillary, but invasion
microcystic
25 66  Male Thyroid gland Solid microcystic, Yes/yes Circumscribed 1+ 3+  ETV6-NTRK3 ETV6-NTRK3 ND
left tubular, papillary, but invasion
apocrine
263 34 Male Parotid Solid microcystic, Nolyes Circumscribed 2+ 3+ ETV6-RET ETV6-RET ND
papillary
27 52 Female Parotid Solid microcystic Yeslyes Invasion ¥ I+  ETV6-NTRK3 ETV6-NTRK3 ND
28 60 Female Parotid right Solid microcystic, Nolyes Circumscribed 1+ 3+  ETV6-NTRK3 ETV6 Neg
apocrine features but invasion
29 66 Male  Parotid right Solid microcystic, Yes/yes Invasion 3+ 3+  ETV6-NTRK3 ETV6-NTRK3 Neg
tubular, papillary
30 20 Female Submandibular Solid microcystic Yeslyes Invasion 2+ 3+  ETV6-NTRK3 NA Neg
gland
31 48 Female Parotid right Solid microcystic, Yeslyes Invasion 1+ I+  ETV6-NTRK3 ETVE ETV6-NTRK3
tubular, papillary
32 28 Female Parotid right Solid microcystic Yes/yes* Invasion 1+ 3+ ETV6-RET ETV6-RET Neg
33 26 Female Parotid Micropapillary, Yes/no Invasion 1+ 2+ ETV6-NTRK3 ETV6 Neg
microcystic, apocrine
34 55  Male Parotid Microcystic Yeslyes* Circumseribed 1+ 2+ ETV6-RET NA Neg
micropapillary but invasion
35 58 Male Parotid Solid microcystic, Yeslyes Invasion 2+ 3+ ETV6-NTRK3 NA Neg
multilobular
36 54  Female Parotid Solid microeystic, Yes/yes Invasion 3+ 2+  ETV6-NTRK3 ND Neg
multilobular
37 74 Male Parotid Cystic, solid Yes/yes Circumscribed 2+ 3+  ETV6-NTRK3 ND Neg
38 43 Male Parotid Solid microcystic, Yeslyes Invasion 1+ 3+  ETV6-NTRK3 ND Neg
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TABLE 2. (continued)

Fibrous
Case Age Septal Capsule/ IHC IHC
No. (y) Sex Site Type of Growth Hyalinization Invasion S100 MMG NGS FISH RT-PCR
39 51 Male Parotid Solid microcystic Yeslyes Circumscribed 2+ 3+  ETV6-NTRK3 ND Neg
lobular but invasion
40 73 Male Parotid Cystic, solid Nolyes Circumscribed 2+ 3+  ETV6-NTRK3 ETV6 Neg
encapsulated
41 66  Male Parotid Solid papillary Yeslyes Encapsulated 3+ ND  ETV6-NTRK3 ETV6 Neg
422 77  Male Submandibular  Cribriform, cystic Yeslyes Circumscribed 3+ 1+ ETV6-RET ETV6-RET Neg
gland papillary encapsulated
43 39  Female Palate Solid microcystic NA 3+ 3+  ETV6-NTRK3 NA Neg
44% 31 Male Submandibular Lobular, microcystic, Yes/yes* Invasion 3+ 3+ ETV6-RET ETV6 Neg
. gland solid
4513 73 Male Parotid Solid, microcystic Yeslyes Invasion 3+ 3+  ETV6-NTRK3 ETV6 ETV6-NTRK3
46 41 Male Parotid Cystic papillary No/no Circumscribed 1+ ND  ETV6-NTRK3 NA Neg
encapsulated
47 20 Female Parotid Solid microcystic, Yes/no Circumscribed 3+ ND ETV6-RET RET Neg
tubular but invasion
48 78 Male Facial skin Cystic, cribriform, Yeslyes Invasion 2+ Neg ETV6-NTRK3 ND ND
tubular
49 29 Male Parotid left Solid, microcystic Yes/yes* Circumscribed 3+ 3+ ETV6-RET  ETV6-RET Neg
but invasion
Scoring system for assessment of THC stainings for S100 protein and MMG: 1+, <50%: 2+, 50% to 75%; 3+, 75% to 100%.
*Prominent fibrosclerotic stroma.
THC indicates immunohistochemistry; NA, not available; ND, not done; neg, negative.
SC with high-grade (HG) transformation consisted  antibodies included CK7 (Fig. 2C), GATA-3, and SOX10

of 2 distinct sharply delineated carcinomatous components
(Fig. 1D). One was a conventional SC composed of uniform
neoplastic cells arranged in solid, tubular, and microeystic
growth structures, divided by fibrous septa that were partly
hyalinized. In contrast, the HG component appeared as a
distinct population of anaplastic cells arranged in trabecular
patterns, and with common perineurial invasion (Fig. 1D).
Irregular-shaped tumor islands with large geographic comedo-
like necrosis were often seen in the HG component of SC. The
tumor cells herein showed nuclear pleomorphism, distinctive
nucleoli and they lacked secretory activity (Fig. 1E).

Yet another growth pattern, seen in both ETV6-NTRK3
and ETV6-RET fused SC cases, was a predominantly multi-
cystic 1 (6/49; 12%). The cysts were lined mostly by a single or
focally a double layer of cells with prominent apocrine differ-
entiation; hobnail cells and vacuolated foamy cells were present
as well (Fig. 1F). Very rare SCs were well circumscribed and
surrounded by a thick, fibrous capsule, composed of | single
cystic space that contained abundant proteinaceous eosinop-
hilic material (3/49; 6%). Histologic findings are summarized in
Table 2.

Immunohistochemical Findings

By immunohistochemistry, most examined cases were
strongly and diffusely positive for S100 protein (Fig. 2A) and
MMG (Fig. 2B). Both markers also stained the secretory
material. In particular, immunostaining for S100 protein was
seen in all cases of SC. Strong and diffuse nuclear-cytoplasmic
expression in almost all neoplastic cells was seen in 19 (39%)
cases, and intermediate positivity in 16 (33%) cases and mild in
14 (28%) cases. MMG was strongly expressed in 29 SCs (59%);
intermediate and mild positivity was encountered in 7 (14%)
and 6 (12%) cases, respectively. Immunohistochemical findings
of S100 and MMG are presented in Table 2. Other expressed
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(Fig. 2D). The p63 protein was negative in most cases, but
showed limited areas of positive peripheral myoepithelial cell
staining suggestive of a focal intraductal component in 3 cases.
DOGI was negative in all examined cases. Proliferative activity
was generally low, with a mean MIB-1 index of 15% (range:
5% to 40%).

Index Case 1: Salivary SC With a Novel VIM-RET
Fusion

Histologically, this case featured a typical SC mor-
phology, characterized by a predominantly solid and micro-
cystic growth pattern with a multilobular architecture divided
by thin fibrous septa (Fig. 3A). Perineurial growth was noted
(Fig. 3B). Some areas showed macrocystic transformation.
The cystic spaces were lined by a single layer of neoplastic
cells and contained an eosinophilic material (Fig. 3C). Dense
hyalinization with isolated tumor cell nests was present in
some areas (Fig. 3D). Tumor cells were diffusely positive for
MMG (Fig. 3E) and S100 protein (Fig. 3F).

Index Case 2: Salivary SC With Dual ETV6-NTRK3
and Novel MYB-SMR3B Fusions

SC of the submandibular gland showed a multifocal and
widely invasive growth pattern in the submandibular gland
(Fig. 4A). The tumor had a predominantly solid architecture;
hyalinization and sclerotic areas were prominent. In some
areas, the desmoplastic stroma surrounded isolated tumor cell
nests. The neoplastic cells showed a nuclear pleomorphism and
minimal residual secretory activity (Fig. 4B). Occasional
comedo-like necrosis was present (Fig. 4C). A cytology speci-
men featured a pleomorphic cell population, with prominent
nuclei and nuclear grooves (Fig. 4D). The cells had a high
mitotic activity with an MIB-1 index of 40% (Fig. 4E). By
immunohistochemistry, S100 protein, CK7, MMG, SOXI0,

Copyright © 2020 Wolters Kluwer Health, Inc. Al rights reserved.
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FIGURE 1. Major growth patterns in SC cases. A, Most ETV6-NTRK3 fused SC showed a solid and microcystic growth pattern with a
multilobular architecture divided by thin fibrous septa. B, SC composed of dilated glandular spaces filled with a variable amount of
eosinophilic homogeneous secretory material. C, Usually centrally located prominent fibrosclerotic stroma permeated by isolated
small islands or trabeculae of tumor cells. Overall, this pattern is rarely encountered in MASC, but is overrepresented in cases with
ETV6-RET fusion. D, SC with HG transformation consisted of 2 distinct sharply delineated carcinomatous components. E, Irregular-
shaped tumor islands with large geographic comedo-like necrosis are seen in the HG component of SC. Tumor cells in HG areas
display apparent nuclear pleomorphism, prominent nucleoli and they lack any secretory activity. F, Predominantly multicystic
growth pattern seen in both ETV6-NTRK3 and ETV6-RET SC cases. The cysts were lined mostly by a single or focally a double layer of
cells with prominent apocrine differentiation; hobnail and vacuolated foamy cells were present as well.

CK7, and pan-TRK were diffusely positive in all neoplastic ~ cribriform pattern. Eosinophilic to basophilic secretions with
cells. Nuclear staining for MYB was found in most neoplastic = scalloped edges were diffusely present within the microcysts.

cells (Fig. 4F). Focally dilated cysts containing variably thick and sometimes
edematous fibrovascular cores were present. From these fi-
Index Case 3: SC of Thyroid Gland brovascular cores emanated nonhierarchically branched mi-

This tumor was predominantly microcystic, with some  cropapillae, focally forming a “medusa head”-type appearance.
areas showing fusion of the microcysts, thereby creating a ~ The stroma was sclerotic to desmoplastic. The pushing type of
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FIGURE 2. Immunohistochemical findings in the SC cohort. A-D, All studied cases showed typical immunohistochemical features
of SC. The tumor cells showed membranous and nuclear S100 (A) and MMG (B) positivity, membranous CK7 (C) positivity, and

nuclear SOX10 (D) positivity.

invasion predominated and extended into extrathyroidal tissue
including skeletal muscle. Focally, small neoplastic tubular
formations irregularly invaded into the surrounding tissues as
well. Nuclei of the neoplastic cells were uniform, low grade,
and oval, with a single inconspicuous to medium-sized nucle-
olus. Although nuclear grooves were present, no nuclear
pseudoinclusions were seen and the chromatin patterns and
nuclear size were distinct from conventional papillary thyroid
carcinoma. Cytoplasm was amphophillic to eosinophilic. Focal
apocrine snouts were noted. No necrosis or HG transformation
was identified. MMG and S100 protein, and GATA-3, were
diffusely expressed. TTF-1, thyroglobulin, PAX8, and NKX3.1
were all negative. A break-apart FISH study for ETV6 was
positive; NGS analysis revealed ETV6-NTRK3 fusion con-
firmed by RT-PCR.

Molecular Findings and Clinicopathologic
Correlates

Forty SC cases (82%) presented the classic ETV6-
NTRKS3 fusion. Of the 9 ETV6-NTRK3 fusion-negative cases,
8 presented with an ETV6-RET fusion. A novel VIM-RET
fusion transcript was identified in 1 case of SC of the parotid
gland (Fig. 5A) by NGS analysis. In addition, | recurrent HG
SC of the submandibular gland was positive for both ETV6-
NTRK3 and MYB-SMR3B fusion transcripts (Fig. 5B).

8 | www.ajsp.com

In the FISH analysis, ETV6 splits were detected in 33/49
(67%), NTRK3 splits in 5/49 (10%), and RET rearrangement in
5/49 (10%) (Table 2). The ETV6-NTRK3 fusion was
confirmed in 19 SCs (39%) by RT-PCR. The single SC
harboring VIM-RET fusion was confirmed by RT-PCR
as well. All results of molecular testing are summarized in
detail in Table 2.

Clinical Outcome Highlighting the Potential for
Local Recurrence and Distant Metastasis

Forty-three patients (88%) had clinical follow-up
data available, with a median follow-up of 61.2 months
(range: 7 to 192 mo). Nine patients developed local recurrence,
with multiple recurrences in 2 of the patients between 12 and
36 months after initial surgery. Six patients in our cohort died,
3 of them at 24, 42, and 50 months after primary surgery due to
metastatic disease with multiple distant metastases to lymph
nodes, bones, and lungs, whereas the remaining 3 patients died
of other unrelated causes with no evidence of tumor. Three
patients are alive with recurrent or residual disease at 48, 60,
and 187 months of follow-up. The remaining 34 patients were
disease and recurrence free at the last contact, with a median
follow-up of 45 months after primary diagnosis (range: 7 to
192 mo). Follow-up was unavailable in 6 cases. No patient has
received treatment with TRK inhibitors so far.

Copyright © 2020 Wolters Kluwer Health, Inc. Al rights reserved.
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SR

Vs 1 : : b

FIGURE 3. SC with VIM-RET fusion. A, SC of the parotid gland characterized by solid and microcystic growth. Thin fibrous
septa separate the tumor into multiple nodules. B, Perineurial growth was noted. C, Some areas showed macrocystic
transformation. The cystic spaces were lined by a single layer of neoplastic cells and contained an eosinophilic material.
D, Dense hyalinization with isolated tumor cell nests was present in some areas. Tumor cells were diffusely positive for MMG (E) and S100
protein (F).

Index Case 1: Salivary SC With a Novel VIM-RET
Fusion

A 56-year-old woman presented with a slowly
growing mass in the parotid gland. Superficial paroti-
dectomy was performed and the tumor was removed
completely with free surgical margins. The patient re-
fused any additional treatment. Twenty months after
surgery, the patient is well, without clinical or radiologic
signs of tumor recurrence.

Copyright © 2020 Wolters Kluwer Health, Inc. All rights reserved.

Index Case 2: Salivary SC With Dual ETV6-NTRK3
and Novel MYB-SMR3B Fusions

A 6l-year-old man presented with a recurrent tumor
of the right submandibular gland measuring 1.9%1.5%1.0
cm. The affected salivary gland was resected and the pa-
tient underwent 35 rounds of radiotherapy. Four years
later, the patient developed a tumor recurrence in the
adjacent tissues in the right side of the neck. Lymph node
dissection was performed and a single metastatic lymph
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ﬂ FIGURE 4. SC with dual ETV6-NTRK3 and MYB-SMR3B. A, SC of the submandibular gland showed multifocal and widely invasive
growth into the residual normal glandular structures. B, Hyalinization and sclerotic areas were prominent and separated the 111
53 areas of low-grade tumor cells (black star) with minimal residual secretory activity from HG areas (black arrowhead) composed
of isolated tumor nests surrounded by a desmoplastic stroma. C, Comedo-like necrosis was present. D, Cytology preparation 113
55 (PAP stain) featured a pleomorphic cell population with nuclear grooves, prominent nucleoli, and occasionally mitoses (red arrowhead).
E, MIB 1 index (Ki-67) was 40%. F, Tumor cells were positive with the MYB antibody. 115
57
117
59
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FIGURE 5. Schematic visualization of detected fusion transcripts identified by the ArcherDX assay. A, Fusion involving the VIM
exon 7 with RET exon 12is illustrated along with detailed information about exons joining, coverage of studied region, and about
the individual reads. The blue arrow shows the exact breakpoint. B, The fusion involving the MYB exon 9 with SMR3B exon 3
is illustrated along with detailed information about exons joining, coverage of studied region, and about the individual reads.

The blue arrow shows the exact breakpoint.

node was found in 41 investigated lymph nodes of the neck.
Postoperative positron emission tomography/computed
tomography and lung computed tomography scans were
negative. Fourteen months later, a new scar nodule was
noted, which was confirmed to be recurrent carcinoma.

Copyright © 2020 Wolters Kluwer Health, Inc. All rights reserved.

Index Case 3: SC of Thyroid Gland With
ETV6-NTRK3 Fusion

Sections of a 3.0-cm right thyroid lobe mass in a
66-year-old man with a history of prostate adenocarcinoma
showed a multilobulated tumor growing in microcystic and

www.ajsp.com | 11
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papillocystic patterns within the thyroid. Although no lym-
phovascular space or perineural invasion was identified,
metastatic SC histologically identical to the primary thyroid
tumor was identified in 2 ipsilateral level 3 nodes. The meta-
static deposits measured about 1.5cm each, with one of them
showing a focal limited extranodal extension about 1.0 mm
from the node capsule. There were 25 and 5 separate negative
lateral neck and level 6 lymph nodes, respectively. The patient
underwent adjuvant radiotherapy, which was completed
3 months after thyroidectomy, and is currently alive, with no
evidence of recurrence at 36 months of follow-up.

DISCUSSION

A specific chromosomal translocation t(12;15)(p13; q25)
resulting in ETV6-NTRK3 gene rearrangement was initially
considered a distinct molecular signature of SC. However,
more recent studies have raised the possibility of alternative
ETV6 parmers first published as SCs with ETV6-X gene
fusions.2”-28 Subsequently, one such alternative rearrange-
ment in a subset of SC was shown to be an ETV6-RET gene
fusion.?? The identification of this novel transcript further
expanded the molecular diversity of SC and opened the
possibility of integrating targeted RET inhibitors as a potential
therapeutic strategy.

Although most SCs are slow-growing, low-grade
malignancies that can be effectively managed by surgery
alone, a small subset of SCs may transform into an aggressively
growing HG carcinoma.* Moreover, even some SCs with low-
grade morphology can present with more a 1g§1 essive behavior
that cannot be managed by surgery alone.”’ SCs with the
classic ETV6-NTRK3 gene fusion are well known to respond
to new specific TRK tyrosine kinase inhibitors Vitrakvi (laro-
trectinib) and Rozlytrek (entrectinib) or to the second-gen-
eration tyrosine kinase inhibitors selitrectinib (LOXO-195)%
and repotrectinib.’® A small subset of SCs reveals, however,
alternative fusion partners different from ETV6-NTRK3, such
as ETV6-ET and VIM-RET translocation.’” These RET-
fusion-positive tumors would obviously be unreactive to all
first-generation and second-generation TRK-specific in-
hibitors. There are, however, specific RET inhibitors, such as
selpercatinib (LOX0-292) and pralsetinib (Blu-667), under
development, which are effective in the treatment of RET-
fusion-positive tumors, and which are expected to be effective
with these RETfusion-positive SCs as well 3

The initial description of SC included only ETV6-
NTRK3 gene fusions, but since then, other alternative chi-
meric fusions have been reported such as ETV6-RET,
ETV6-MET, dual ETV6-NTRK3, and ETV6-MAML3. 31
There is no consensus on whether molecular documentation
is an absolute requirement to render the diagnosis of SC,
especia lly in the setting of typical cytopathologic and/or light
microscopic features in conjunctlon with diffuse MMG and
S100 protein immunoreactivity. Although the current
WHO Classification includes ETV6-NTRK3 fusion in the
definition of SC, it does not, however, state that molecular
testing is a reqLurement for a histopathologic diagnosis of
salivary gland tumors.” Moreover, there are other salivary
gland carcinomas characterized by recurrent translocations

12 | www.ajsp.com

and gene rearrangements such as intraductal carcinoma
(NCOA4-RET and TRIM27-RET)**#! the cribriform variant
of polymorphous (low-grade) adenocarcinoma (PRKDI-3
rearrangements),*? clear cell carcinoma (EWSRI-ATFI)*
mucoepldemm]d carcinoma (CRTCI-MAML2)** and ad-
enoid cystic carcinoma (M YB-NFIB),*® which do not harbor
their respective genetic abnormality in 100% of reported cases.
However, the molecular confirmation of both fusion partners is
a recommended requirement for aggressive cases where tar-
geted therapies are considered.

Until recently, SC cases with an intact ETV6 gene
were viewed with skepticism. As the molecular profile of
SC continues to expand, it would be expected that the
ETV6-negative cases could result from an alternative genetic
abnormality. Several ETV6-negative cases were reported in a
cohort of macrocystic SCs!® and also in a subset of SC cases
with a more aggressive behavior.*” Moreover, a novel NFIX-
PKN]I gene fusion was reported recently in 1 case of cutaneous
SC.* From a routine pathology perspective, our present report
of the first non-ETV6 5 fusion partner in salivary SC also
carries important implications for the choice of a molecular
diagnostic technique. Although traditionally, many challenging
diagnostic cases were confirmed molecularly using the ETV6
FISH break-apart probe, our current finding of the VIM-RET
fusion renders such a negative FISH result inconclusive.
Therefore, along with the increasing clinical interest in the
recognition of the particular 3’ fusion gene, it further supports
the use of NGS sequencing for SCs where molecular con-
firmation is necessary for therapeutic choices.

The VIM gene, located at chromosome 10p13, encodes
for vimentin, a ubiquitous intermediate filament protein of
mesenchymal cells, which is, however, also present in some
epithelia. Along with microtubules and actin microfilaments,
intermediate filaments form part of the cytoskeleton of cells.
Overexpression of vimentin has been suggested to signal the
onset of epithelial-mesenchymal transformation during can-
cer progression.*” The RET gene encodes for the well-known
receptor tyrosine kinase protein. Although translocations
involving the RET gene are relatively common in many
malignancies,* its partnership with the VIM gene in gene
fusions is infrequent. V7M fusions were described, however,
in hemangioma®! and prostate cancer.52 Importantly, in our
SC case, the VIM gene joins RET in a manner that preserves
the tyrosine kinase domain, suggesting oncogenic potential
for this fusion.

The second novel gene fusion, which is accompanied
by the classic ETV6-NTRKS3 fusion, is M YB-SMR3B. The
MYB gene is a transcription factor and, similar to the
previously mentioned RET, has been implicated in tu-
morigenesis of many malignancies.’® In terms of salivary
gland tumors, it forms the well-known M YB-NFIB fusion
in adenoid cystic carcinoma.>® In contrast, translocations
involving the SMR3 B gene are rare, and, interestingly, the
expression of this gene is nearly exclusive for salivary
glands. We can speculate that its fusion with MYB may
play a role in cancer progression and, perhaps, in ac-
quisition of the HG features in this particular tumor case.

In conclusion, the main novel finding in our study is
the discovery of a VIM-RET fusion in | patient with SC of

Copyright © 2020 Wolters Kluwer Health, Inc. All rights reserved.
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the parotid gland. Presumably, this patient might benefit
from RET-targeted therapy. Furthermore, our finding
indicates that a negative ETV6 FISH result does not rule
out SC as a diagnostic alternative. In addition, 1 recurrent
HG SC was shown to harbor 2 different fusions: ETV6-
NTRK3 and MYB-SMR3B. These novel findings extend the
molecular spectrum of SC, and provide a novel insight into

its oncogenesis.

VIM-RET fusion also carries important

implications for molecular diagnostics as it represents the first
SC-associated gene fusion with a non-ETV6 5 fusion partner.
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1.10.5 CYTOPATOLOGICKE ZNAKY SEKRECNIHO KARCINOMU SLINNYCH
ZLAZ A POMOCNE TECHNIKY V DIAGNOSTICE: DOPAD NOVEHO
MILANSKEHO SYSTEMU NA REPORTOVANI CYTOPATOLOGIE
SLINNYCH ZLAZ

Posledni piilozend prace zabyvajici se problematikou SC se zameétfuje na jeho
cytodiagnostiku s pouzitim nového Milanského klasifikacniho systému reportovani cytologii
slinnych zlaz. Prace je zamétfend na roli cytologie v diagnostickém algoritmu pacientti s 1ézemi
slinnych z14z. Tenkojehlova aspiracni cytologie (FNAC) je vniména jako primarni diagnosticky
test vhodny k predbéznému zhodnoceni 1éze a naslednému urceni nejlepsi mozné terapie.
V mnoha piipadech lze dobte rozlisit benigni nadory, jako je Warthiniv tumor ¢i pleomorfni
(78). Dale lze s ptijatelnou mirou specificity odlisit low-grade a high-grade karcinomy, které¢
vyzaduji elektivni feSeni, kdy i s pfispénim FNAC lze vybrat vhodnou operacni techniku a
v urcitych pitipadech rozhodnout i o mite radikality.

Studie se zabyva FNAC 6 ptipadt SC, u kterych byla diagnéza SC posléze histologicky,
imunocytochemicky (ICC) a molekuldrné-geneticky potvrzena biopsii. VSechny aspiraty byly
dostatecné celuldrni a buniky vytvarely vice ¢i méné kohezivni skupinky se stfednim stupném
jaderného polymorfismu. Cytoplazma byla eozinofilni, granuldrni a vakuolizovana a to
zejména v materialu z cytobloku. Sekre¢ni material byl pozitivni v barveni periodic acid-Shiff
a jadra vykazovala pozitivni expresi S100 proteinu a mammaglobinu. Prolifera¢ni aktivita byla
nizka.

Pro ucely molekularni genetiky byl ve 4 ptipadech dostupny cytoblok. Ve 3 ptipadech
metoda FISH prokazala zlom genu ETV6 a v 1 pfipadé byl materidl neanalyzovatelny pro
nizkou vstupni kvalitu DNA. NTRK3 fazni partner byl potvrzeny pouze ve 2 piipadech ETV6
rearanzovanych SC. Ve zbylych piipadech, kde cytoblok nebyl dostupny nebo se jednalo o
neanalyzovatelny materidl, byla zastizena translokace ETV6-NTRK3 az ve finalnim
histologickém vzorku za pouziti metody NGS.

Kategorizace SC dle Milanského systému (MS) zéalezi na dostupnosti dalSich vySetfeni
a na dostatecném mnoZzstvi materialu. Pokud méme pouze natér na sklech, je t¢émétf nemozné se
snazit o pfesnou cytologickou diagnézu a FNAC by méla byt kategorizovana jako ,,Salivarni
nadory s nejistym malignim potencialem* (79). Pokud vSak mame dostupny cytoblok ¢i jiny
material, 1ze doplnit cytologii o ICC. Pozitivita ICC markert S100 proteinu, mammaglobinu a
SOX10 a negativni exprese DOG1 (vylucujici acinicky karcinom) a p63 vytvaii dohromady
sadu optimalnich ICC markerii, které lze aplikovat v pifipadé suspektniho SC. Mame-li k
dispozici navic jeSté molekularné genetické metody, miizeme ICC podpoftit o detekci ETV6
zlomu. Pokud vSak genetické metody nelze vyuzit a jsou-li k dispozici pouze ICC vysledky,
mély bychom tumor zatadit do kategorie dle MS ,,Suspektni z malignity*.

SC je cytologicky i histologicky obtizna jednotka pro ptekryv s jinymi nddory slinnych
zl4z. KliCovym cytomorfologickym znakem, ktery by mél v cytologii vzbudit podezieni na SC,
je papilarni uspotfadani a jemné granularni cytoplasma bunék. Pfesna cytologicka diagnoza v§ak
vyzaduje dal§i pomocna vySetieni, a to ICC ¢1 molekularné genetické metody.
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salivary gland cytopathology
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Miesbauerovd M, Tommola S, Steiner P, Banéckovd M, Skdlovd A, Kholovd 1. Cytopathological features of
secretory carcinoma of salivary glands and ancillary techniques in its diagnostics: impact of new Milan system
for reporting salivary gland cytopathology. APMIS 2019; 127: 491-502.

Secretory carcinoma (SC) of salivary glands is a newly described low-grade malignancy characterized by the presence
of ETV6 rearrangement. Only a few cases and very small series with cytomorphology were reported so far. Six cases of
fine-needle aspirations (FNAs) from afterward histologically, immunohistochemically and genetically confirmed SCs
were retrieved from the archives of the authors. Ancillary immunocytochemistry (ICC) and translocation detection were
performed on cell blocks (CBs). All aspirates were sufficiently cellular and cells were arranged in more or less cohesive
groups with only mild nuclear polymorphism. The cytoplasm was eosinophilic. granulated and vacuolated, especially in
CBs. Secretory material within the microcystic spaces was periodic acid-Schifl (PAS) positive. Triple positivity of
immunomarkers S-100 protein, mammaglobin and vimentin was present. The proliferation index was low. Ancillary
techniques suggested the possibility of SC in a few cytology cases: nevertheless, the final diagnosis was based on histo-
morphology, immunohistochemistry and genetics. The SC of salivary glands is detectable pre-operatively using 1CC
and genetics. The presence of the diagnostic ETV6 rearrangement increases the accuracy of FNA to the maximum.
According to the Milan system, cases genetically not confirmed should be categorized as Suspicious for Malignancy or
Salivary Gland Neoplasm of Uncertain Malignant Potential (SUMP), both requiring surgery.

Key words: Salivary glands: secretory carcinoma: £776; FNA; Milan system; mammary analog secretory carcinoma.

Ivana Kholovd, Department of Pathology, Fimlab Laboratories, PO Box 66, FIN 331 01 Tampere, Finland. e-mail:
ivana.kholova(@ tuni.fi

The secretory carcinoma (SC) of salivary glands,
originally described as mammary analog secretory
carcinoma (MASC) by Skdlovd et al. in 2010 (1), is
a low-grade malignancy included in the 4th edition
of World Health Organization Classification of
Head and Neck Tumours in 2017 under designation
“secretory carcinoma” (2). As the original name
implies, there is histomorphological, immunopheno-
typical and genetical resemblance to the secretory

Received 9 August 2018. Accepted 22 March 2019

carcinoma of the breast, which also harbors the
same genetic translocation t(12; 15)(p13:925) result-
ing in ETV6-NTRK3 gene fusion (1, 3). This speci-
fic fusion is confirmatory for SC and has not been
reported in any other salivary gland tumors yet.
New rearrangements ETV6-RET (4) and ETV6-
MET (5) have been recently found in small subset
of SCs, possibly associated with more aggressive
behavior.

Most SCs occur in the parotid gland, followed by
the submandibular gland and the minor salivary
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Table 1. Summary of clinicopathological features of presented cases

Case Age/sex Clinical Localization ~ Original Original Histopathological ~ Immunohis
symptoms cytopatho- histopatho- features tochemistry
logical logical
diagnosis diagnosis
1 56/F Mass Left PAP Class 111 - Secretory Infiltrative growth  CK7+, S100+,
2.7 cmin  parotid atypia. carcinoma with MGA+,
max. gland suspicious hyalinization of p63—, CKPan+,
diameter for malignancy the stroma. vimentin+,
Tubular and EMA+, SMA—,
cribriform AR—,
structures with calponin—,
PAS-positive GCDFPI15—,
secretory MIBI 6%
material. Round PAS+ secretory
to oval vesicular material
nuclei with within the tubular
prominent spaces
nucleoli. Pale
abundant
cytoplasm with
vacuoles
2 72/F Mass Right Neoplasm Secretory Encapsulated CK7+, S100+,
3.4 cm in parotid (cellular PA, carcinoma uninodular MGA+,
max. gland myoep- tumor with p63—, vimentin-,
diameter ithelioma) hyalinized thick EMA+,
capsule and SMA-—,
multiple septa. GCDFP15—,
Tubular DOGI focally+,
structures with MIBI 5-8%
colloid-like PAS+ secretory
secretory material
material. within the tubular
Eosinophilic spaces
abundant
cytoplasm with
vacuoles
containing
eosinophilic
material
3 34/M Mass Right PAP Class I1I - Polymorphous Infiltrative CK7+, S100+,
1 cm in sub- atypia. low-grade multinodular MGA+,
max. mandibular  suspicious adeno- growth with p63—, CKPan+,
diameter gland for malignancy carcinoma hyalinized septa. vimentin+t,
(low-grade or low-grade Tubular and EMA+,
malignancy, PA,  salivary duct pseudoglandular GCDFPI15—,
myoepithelioma,  carcinoma structures with AR—,
basal cell PAS-positive calponin—,
adenoma) secretory MIBI1 5%
material. PAS+
Vesicular nuclei. secretory
Pale abundant material
finely granulated within the
cytoplasm with microcystic
oncocytic spaces
features and
focal vacuoles.
Perineural
invasion
4 47/M Mass Left 2 FNAs None — Infiltrative CK7+, S100+,
1.9 cm in  parotid performed: consultation multinodular MGA+,
max. gland (1) PAP growth with p63—, vimentin+,
diameter Class 1T — septa containing EMA+,
492 © 2019 APMIS. Published by John Wiley & Sons Ltd
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SALIVARY SECRETORY CARCINOMA IN FNA

Table 1. (continued)

Case Age/sex Clinical Localization  Original Original Histopathological ~ Immunohis
symptoms cytopatho- histopatho- features tochemistry
logical logical
diagnosis diagnosis
adenoma, sparse lymphoid SMA—, AR—,
oncocytoma stroma. MIBI 10%
(2) PAP Pseudoglandular,  PAS+ secretory
Class 111 - macrocystic and material
atypia. focally tubular within the cystic
suspicious for cell arrangement. spaces
malignancy Pale abundant
finely granulated
cytoplasm with
oncocytic
features and
focal vacuoles.
Perineural
invasion
5 37/M Mass Right PAP Class 111 - Secretory Encapsulated CK7+, S100+,
1.7cm in  parotid atypia. carcinoma uninodular MGA+,
max. gland suspicious for tumor with p63 focally+,
diameter malignancy capsule without vimentin-+,
(AciCC, SC) septation. EMA+,
Microcystic to GCDFPI15—,
cystic structures DOGI—, MIB1
with thyroid 5-10%
follicle-like PAS+ secretory
arrangement with ~ material
colloid-like within the cystic
material within. spaces
Foamy and
vacuolated
cytoplasm with
clear cell
appearance.
Perineural
invasion
6 20M Mass Left Monomorphic Low-grade Cystic tumor with  CK7+, S100+,
4 cm in parotid adenoma cystadeno- fibrous MGA+,
max. gland carcinoma capsule and GATA3—, p63—,
diam.. with multiple calponin—,
deficit intranodal small tumorous CD31—,
of the metastases satellites podoplanin—
facial beyond. The
nerve lining is
composed of
uniform,
flattened and
focally

papillary formed
cells

F, female; M, male; PAP Class, Papanicolaou classification system; FNA, fine-needle aspiration; PA, pleomorphic ade-
noma; AciCC, acinic cell carcinoma; SC, secretory carcinoma; PAS-positive, periodic acid-Schiff-positive.

glands. Some extrasalivary tumors in the head and
neck area contain ETV6-NTRK3 translocation as
well (6-8). Before the discovery of SC in 2010, these
tumors were diagnosed as an unusual variant of aci-
nic cell carcinoma (AciCC) poor of zymogen gran-
ules, mucoepidermoid carcinoma or as

© 2019 APMIS. Published by John Wiley & Sons Lrd

adenocarcinomas not otherwise specified (ADCs
NOS) (1). Histologically, the SC consists of uniform
eosinophilic cells with vacuolated cytoplasm
arranged in cystic, tubular, solid or papillary pat-
terns. The cystic spaces are characteristically filled by
periodic  acid-Schiff  (PAS)-positive  secretory
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material. More than 200 articles on SC have been
published so far, but very few are dedicated to the
description of the cytomorphological features (9-23).

For decades, the reporting of salivary gland
cytology has been full of confusions and diversity

494

with the use of descriptive reports with no cate-
gories or with surgical pathology terminology. The
development of a brand new uniform system for
reporting salivary gland fine-needle aspirations
(FNAs) has been highly required. The Milan

© 2019 APMIS. Published by John Wiley & Sons Ltd
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SALIVARY SECRETORY CARCINOMA IN FNA

Fig. 1. Cytological and histological features of the series of secretory carcinoma (SC) (A-D Case 1, E-H Case 2, I-L Case
3, M-P Case 4, Q-T, Case 5, U-X Case 6). (A) Papillary arranged cohesive cluster of uniform cells (Papanicolaou, x100).
(B) Cell group with prominent signet-ring cell nuclei which are uniformly oval (Papanicolaou, x400). (C) Cribriform and
solid arrangement has been seen in the cell block (CB) of this case (hematoxylin-eosin, x100). (D) Tubular to cribriform
nest is surrounded by a hyalinized stroma. Homogeneous secretory material is visible within the tubular spaces (hema-
toxylin-eosin, x100). (E) Peripherally loosely cohesive groups of uniform cells with mucinous-like material (Papanicolaou,
%200). (F) Peripherally loosely cohesive groups of uniform cells with hemorrhagic background (Papanicolaou, x200). (G)
Tubular and cribriform fragment composed of uniform cells with vacuolated cytoplasm and occasional signet-ring cells,
within the tubular structures colloid-like secretory material is present in the CB (hematoxylin-cosin, x200). (H) Tubular
arrangement with colloid-like secretory material within the tubular and cystic spaces with the admixture of blood (hema-
toxylin-eosin, x40). (I) Small cohesive clusters and singly dispersed cells in the scantly mucinous-like background (Papani-
colaou, x100). (J) Loosely cohesive, papillary arranged cell group with transgressing vessels (Papanicolaou, %200). (K)
Pseudoglandular fragments with striking squamoid-like appearance in CB. Nuclei are hyperchromatic and cytoplasm is
finely granulated (hematoxylin-eosin, x200). (L) Tubular and pseudoglandular structures with PAS-positive secretory mate-
rial within the tubular and microcystic spaces. perineural invasion is seen (periodic acid-Schiff, x100). (M) Papillary and
trabecular cohesive clusters with dispersed cells on the mucinous-like background (Papanicolaou, x100). (N) Cohesive pap-
illary and trabecular structures with transgressing vessels (Papanicolaou, x200). (O) Distinct papillac are covered by cylin-
dric uniform cells with rich eosinophilic cytoplasm with focal vacuolization (hematoxylin-eosin, x40). (P) Multinodular
growth with pseudoglandular, macrocystic and focally tubular cell arrangement. The presence of secretory material within
the cystic spaces is noted (hematoxylin-eosin, x40). (Q) Loosely cohesive cell group with abundant cytoplasm, singly dis-
persed cells with macrophages and siderophages on the cystic background (Papanicolaou, x100). (R) Loosely cohesive tra-
becular cell group with abundant cytoplasm. singly dispersed cells with macrophages on the cystic background
(Papanicolaou, x100). (S) Solid arrangement of uniform cells with eosinophilic, vacuolated and focally bubbled cytoplasm,
siderophages are seen in the right side of the image (hematoxylin-eosin, x 200). (T) cystic structures with follicle-like
arrangement and colloid-like material within. Note the foamy and vacuolated cytoplasm with clear cell appearance (hema-
toxylin-eosin, x100). (U) Peripherally loosely cohesive clusters with hemorrhagic background (Papanicolaou, x250). (V)
Peripherally loosely cohesive clusters on the hemorrhagic background (Papanicolaou, x 180). (W) The histology of cystic
tumor with fibrous capsule and mild hemorrhage. The cells are uniform, flattened and focally papillary arranged (hema-
toxylin-eosin, x100). (X) Intraglandular lymph node with a cystic metastasis of SC (hematoxylin-eosin, x50).

System for Reporting Salivary Gland Cytology
(MSRSGC) follows the trend of thyroid cyto-
pathology and cervical cytology Bethesda and urin-
ary cytopathology Paris reporting systems where
cach category has a defined risk of malignancy
(ROM) and suggested therapeutic approaches (24).

In our study, we present six cases of SCs of sali-
vary glands that were pre-operatively examined by
fine-needle aspiration (FNA), ancillary techniques,
and retrospectively classified according to the
MSRSGC. We suggest the appropriate approach to
cytological diagnosis of SC using ancillary tech-
niques. The MSRSGC categorization is important
in order to improve the communication and under-
standing between the cytopathologists and clini-
cians and to stratify ROM.

MATERIALS AND METHODS

The series consists of six cases of histologically confirmed
SCs with available FNA. Five cases were retrieved from
the archive and consultation files of the Department of
Pathology, Fimlab Laboratories, Tampere, Finland within
a S-year period (November 2011-December 2016) (IK, ST)
and one case from the Salivary gland tumor registry of the
Department of Pathology, Faculty of Medicine in Plzen
and Biopticka Laboratory Ltd, Plzen, Czech Republic
(AS). Clinical, cytomorphological, histomorphological and
immunohistochemical (IHC) data were reviewed in all
cases. The FNA has been performed with a 22G needle

© 2019 APMIS. Published by John Wiley & Sons Lrd

under ultrasound guidance by the clinician. The aspirated
material has been routinely processed: alcohol fixed and
Papanicolaou stained. Four-um-thick sections were cut
from CBs and stained with hematoxylin-eosin and PAS
with and without diastase. Ancillary immunocytochemical
(ICC) studies were performed on 2-pm-thick sections with
the following primary antibodies: S-100 protein (poly-
clonal, dilution 1:5000, Ventana Medical System, Tucson,
AZ, USA), mammaglobin (clone 31A3, ready-to-use , Ven-
tana Medical System), vimentin (clone V9, ready-to-use.
Ventana Medical System) and Ki-67 (clone 30-9, ready-to-
use, Ventana Medical System). Appropriate positive con-
trols were used. The same laboratory procedure has been
performed also on formalin-fixed, paraffin-embedded surgi-
cally removed specimens. Cases with available residual CB
material underwent genetic examination for the detection
of ETV6 and NTRK3 rearrangements by fluorescent in situ
hybridization (FISH) using break-apart probes. ETV6-
NTRKS3 fusion transcript has been subsequently confirmed
by reverse transcription polymerase chain reaction (RT-
PCR) and Next Generation Sequencing (NGS) (1).

All procedures were performed in accordance with ethi-
cal standards of responsible Ethical Committee and with
Declaration of Helsinki (1975, revised 1983). After
approval by the Ethical Committee, informed consent of
each individual was not requested.

RESULTS
The studied cohort consisted of four males and

two females aged from 20 to 76 years (mean
44.3 years). All patients presented with a palpable
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mass of various sizes (from | to 4 cm in diameter).
Five tumors (83.3%) were localized in the
parotid gland and one case (Case 3) in the sub-
mandibular gland. In all cases, FNA was fol-
lowed by surgical removal of the lesion and
histological and immunohistochemical examina-
tion. Clinical and demographic data are summa-
rized in Table 1.

Cytomorphological features and 1ICC

Total of seven FNAs were taken from six cases,
with FNA performed twice in Case 4. In four out
of six cases, the Papanicolaou classification was
used for the evaluation of FNA. PAP Class III cat-
egory (atypia, suspicious for malignancy) was sug-
gested in all four cases (Cases 1, 3, 4 and 5), where
the Papanicolaou classification was applied and a
wide spectrum of probable benign neoplasms was
listed: pleomorphic adenoma, myoepithelioma and
basal cell adenoma. Only once (Case 5), a suspicion
for SC or AciCC was raised. The FNA in Case 4
was performed twice with two different conclusions:
the first FNA was evaluated as PAP Class II cate-
gory (adenoma or oncocytoma) and the second
FNA was evaluated as PAP Class III category
(atypia, suspicious for malignancy). Two cases,
where no classification system was used (Cases 2
and 6), were evaluated as benign neoplasms with
suggested diagnoses of pleomorphic adenoma or
myoepithelioma (Case 2) and monomorphic ade-
noma (Case 6) (Table 1).

Despite the variable morphology of SC, all six
cases had several common cytological features in
FNA cytology. The cellularity of all smears was
highly satisfactory. Cells were arranged in variably
cohesive clusters or sheets of different sizes. Single
dispersed cells were always present. Papillary struc-
tures with transgressing vessels were commonly seen.
In Cases 1 and 2, a cribriform pattern was featured.
The background was diverse, ranging from a clear
background with mucinous material (Cases 1, 3, 4)
to hemorrhagic (Cases 2, 6) and cystic (Case 5). The

cytoplasm was variable in all cases. Except in Case 2,
where the amount of cytoplasm was scant, the cyto-
plasm was abundant and finely granulated. In Cases
1, 4, 5 and 6, also vacuoles were present. Occasional
signet-ring cells were found in Cases | and 4. Nuclei
were either uniform, round to oval or mildly poly-
morphic. No mitoses were seen. In Case 5, the vac-
uolization of the nucleus was present. In Case 2, the
nuclei were peripherally placed and gave the impres-
sion of myoepithelial differentiation. Furthermore,
the nuclei were focally spindle shaped in Case I.
Chromatin was finely granulated and nucleoli were
well discernible. Doubled nuclei were observed in
Cases 3 and 4 (Fig. 1A,B,E.F.LJ.M,N,Q.R.U.,V).

The CBs were available in five cases (Cases 1-5)
and the morphological features of CB samples are
summarized in Table 2. Compared to the cytotech
specimens, the architecture of tissue fragments is
better appreciated in CBs. It varied from cribri-
form, almost pseudoglandular arrangements to
solid nests. The variability was visible, even within
the single sample. Nuclear features were compara-
ble to the findings in smears, but in the CBs the
cytoplasmic features were easier to evaluate.
Vacuolization with focal signet-ring cells was pro-
nounced (Fig. 1G,S). In Case 2, the cytoplasmic
vacuoles contained colloid-like substance (Fig. 1G).
In Cases 3, 4 and 5, the cytoplasm was eosinophilic
with oncocytic features. In Case 3, squamoid-like
areas were seen (Fig. 1K). Only in Case 5, multiple
siderophages and extracellular hemosiderin were
present (Fig. 18S).

Ancillary techniques were performed on the CB
material. The panel of PAS and four basic
immunomarkers (S-100 protein, mammaglobin,
vimentin and proliferation index) was positive in all
cases except Case S, where S100 could not be evalu-
ated because of insufficient material in the CB
(Fig. 2). PAS was positive in the secretory material
within microcystic spaces and tubular or cribriform
structures in all five cases (Fig. 1L). The prolifera-
tion index (MIB1/Ki-67) was low, less than 5% in
all cases.

Fig. 2. Immunohistochemical panel demonstrating the triple positivity and proliferation index in secretory carcinomas
(SCs). (A) Mammaglobin immunopositivity in cytoplasm (Case 1, x100). (B) Vimentin nuclear immunopositivity (Case 5,
%100). (C) S-100 protein nuclear immunopositivity (Case 2, x200). (D) Proliferation index is low, less than 5% (case I,

Ki-67, x100).
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Table 2. Cytomorphological features of presented cases in smears and in cell blocks

SALIVARY SECRETORY CARCINOMA IN FNA

Cellularity ~ Cell growth Background  Nuclei in smears  Cytoplasm  Cell growth Nuclei in Cytoplasm 1CC in CBs
arrangement in in smears in smears arrangement CBs in CBs
smears in CBs

I Rich Cohesive clusters  Almost clear Mild Abundant Solid, Mild polymor- Abundant, CK7+,
and cell groups with very polymorphism Finely cribriform phism cosinophilic S100+,
of various sizes rarc mucin-  Irregularly placed  granulated  and Irregularly placed  Finely MGA+,
with papillary, like Round to oval, Focally occasionally Oval granulated CKPan+,
trabecular and secretory rarely spindle vacuolated pseudog- Focally vesicular ~ Small vimentint,
too less extent material shaped Occasional landular with rare vacuoles EMA-+,
cribriform Variably rarely signet-ring nucleation Occasionally SMA+
architecture prominent cells Focally signet-ring MIBI 3%
Singly dispersed nucleoli prominent cells PAS+H
cells. Finely granulated reddish nucleoli

chromatin Finely granulated
Occasionally chromatin
binucleation

2 Moderate  Peripherally Hemorrhagic/  Uniform Finely Tubular and Mild polymor- Abundant, CK7+,
loosely cohesive mucin-like Peripherally granulated cribriform phism eosinophilic S100+,
sheets and large secretory placed Few Focally Vacuolated po3—,
tissue fragments material (myoepithelial- myoepithelial- even EMA—,
with papillary like) like shaped grape-like SMA+,
and Round to oval Prominent and signet- AR—,
occasionally Hyperchromatic nucleoli ring cells, CK5/6—,
cribriform Inconspicuous Finely granulated some GFAP—,
structures with nucleoli chromatin containing CEA+,
mucinous-like Finely granulated colloid-like DOGI+,
material chromatin material CDI1T7+
intraluminally. MIBI low
Singly dispersed PAS+
cells.

3 Richin Small cohesive Clear/mucin- Uniform Polymor- Pscudog- Uniform Abundant, CK7+,
both mainly spherical  like Centrally placed phous landular Centrally placed cosinophilic S100+,
smears clusters/loosely secretory Round to oval Abundant Round to oval Small MGA+,

cohesive tubular material bland Finely Focally multiple vimentin+
and papillary Prominent granular hyperchromatic, vacuoles MIBI
structures with nueleoli, focally focally vesicular  Occasionally < 5%
transgressing doubled Prominent squamoid-
vessels. Singly Hyperchromatic nucleoli like
dispersed cells Occasionally appearance
binucleation

4 Rich Small spherical Mugcin-like Uniform Abundant Pseudog- Uniform Cylindric CK7+,
cohesive clusters secretory Centrally placed Finely landular Centrally placed shaped S100+,
focally arranged material Round granulated and Round Abundant MGA+,
in bigger Pinpoint nucleoli Occasional tubular Pinpoint nucleoli  Eosinophilic/ po3—,
papillary and occasionally signet-ring occasionally oncocytic vimentin+,
trabecular doubled cells doubled Multiple EMA+,
structures with Finely granulated Finely granulated small SMA—,
transgressing chromatin chromatin vacuoles MIBI low,
vessels and Focally vesicular Occasionally PAS+
almost signet-ring
pseudoglandular cells
structures,
Singly dispersed
cells

5 Rich Loosely cohesive  Cystic with Uniform Abundant Solid Uniform Abundant CKT+,
tissue fragments  plenty of Irregularly placed  Multiple Irregularly placed  Eosinophilic/ MGA+,
with trabecular macrophages  Round and small Round to oval oncocytic CKPan+,
and focally and focally vacuoles Prominent Multiple small vimentin+
papillary siderophages vacuolated Oncocytic- nucleoli vacuoles, MIBI low
structures with Inconspicuous like focally PAS+
transgressing nucleoli bubble-like
vessels. Singly Finely granulated Intra- a
dispersed cells chromatin ex

plasmic
hemosiderin

6 Rich Huge clusters Hemorrhagic Mild Abundant ND ND ND ND
with some polymerphism Focally
smaller, Trregularly cylindric
peripherally placed shaped
loosely cohesive Round Foamy and
clusters. Singly Focally prominent focally
dispersed cells nucleoli vacuolated

Fine chromatin

ND, not determined; CB, cell block.

ETV6 gene rearrangement detection by FISH

Fluorescent in situ hybridization was performed in
Cases 1-4, as the CB material in Cases 5 and 6 was

© 2019 APMIS. Published by John Wiley & Sons Lrd

not available anymore. The ETV6 gene rearrange-
ment was positive in three (Cases 1, 2 and 4) of the
tested CBs (Fig. 3). The material for the remaining
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Fig. 3. FISH. FISH with ETV6 break-apart probe. Nuclei
contain orange-yellow-green fusion signals from healthy alle-
les and separated orange and green signals from split alleles.

case (Case 3) was not analyzable due to the poor
quality of DNA. The NTRK3 gene was identified
as a fusion partner in Cases 2 and 4, but was not
confirmed in Case 1. For the remaining cases
(Cases 3, 5 and 6), where CBs were not available or
the material was insufficient, the translocation
ETV6-NTRK3 was confirmed in the final histologi-
cal specimen and approved by the Next Generation
Sequencing method.

Histological features

Three out of six resected tumors were diagnosed as
SCs. The remaining three cases were sent as consulta-
tions, two cases with the diagnosis of suspicious low-
grade malignancy and one with no specific diagnosis
(Table 1). The presence of secretory material, uni-
form nuclei with variably prominent nucleoli and
abundant cytoplasm were the common features in all
cases. Contrary to the cellular uniformity, growth
patterns, cell arrangements and the appearance of
the cytoplasm varied from case to case. Case-specific
features are listed in Table 1. Necrosis, angiolym-
phatic invasion, high mitotic activity and other signs
of high-grade malignancy were not seen in any case.
Results of THC are listed in Table 1. The results of
IHC in histology were identical to those in ICC in

the CBs.

DISCUSSION

Secretaoty carcinoma of the salivary glands is
recently described low-grade malignancy with a diag-
nostic rearrangement of ETV6 gene on chromosome
12, which is unique in salivary tumors. There are
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three known fusion partners: NTRK3 which is the
most common and originally found (1), RET (4) and
the very recently described MET (5). Since the publi-
cation of the first cases by Skdlovd et al. (1), the
number of diagnosed SCs from resected tissue has
increased rapidly. Therapeutically, there is also an
increasing importance of pre-operative FNA diag-
nostics. Correct cytological diagnoses according to
the new MSRSGC can guide the clinician to the
appropriate management (24).

Small series and few cases on the cytology of SCs
previously published in the literature are summarized
in Table 3 (9-23). Our findings are in agreement with
the cytological features presented in MSRSGC (24)
and with previous descriptions (9-23). All the smears
were sufficiently cellular. Background varied from
clear, mucinous to cystic with degenerative changes.
The most common architectural pattern of the cells
was cohesive clusters arranged in papillary-like
structures with occasional transgressing vessels.
Cytoplasm was usually abundant, eosinophilic, with
focal oncocytic features with fine granulation and
vacuolization. Signet-ring cells were seldom present.
In one case, the vacuoles contained colloid-like sub-
stances. Rarely —myoepithelial-like cells were
described both in our cohort and in the literature.
Nuclei showed mild pleomorphism with focal binu-
cleation, irregular placement and variably prominent
nucleoli. Chromatin was finely granulated and no
mitoses were seen. In a single case in our cohort,
spindle-shaped nuclei and focal vacuolization of the
nuclei were seen.

The described cytomorphology is non-specific for
SC and is shared with multiple other tumors in sali-
vary FNAs. In a pictures-based-survey of SC case
among 109 cytopathologists, high diagnostic diver-
sity was shown. In the mirror of relatively benign
nuclear features and the malignant architectural
appearance, the respondents answered both benign
and low-grade malignancy depending if they
stressed nuclear or architectural features (18). In
the differential diagnosis, SC belongs to cystic and
mucinous lesions with granulated or vacuolated
cosinophilic cell cytoplasm. The SC is often misdi-
agnosed as AciCC, low-grade mucoepidermoid car-
cinoma (LG MEC), adenocarcinoma not otherwise
specified (ADC NOS), neoplasia with myoepithelial
differentiation, cellular pleomorphic adenoma (PA)
or Warthin tumor (WT) (13). In cases with evident
signs of high-grade malignancy with mitoses and
necrosis, one should not forget SC in the differen-
tial diagnosis, as high-grade transformation of SC
has been described (25). To exclude or confirm
high-grade transformation, Ki-67 is useful on CBs.

It is evident that the salivary gland cytology is
always  challenging  and rarely a  final

© 2019 APMIS. Published by John Wiley & Sons Ltd
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Table 3. Summary of secretory carcinomas with cytomorphology presented in the literature

Reference No. of Original cytological Immunocytochemistry ~ Genetics
cases  diagnosis and special stains
Petersson et al. (9) 1 Possible PA with ND ETV6 rearrangement by FISH,

Pisharodi et al. (10) 1

Lavine et al. (11) 1
Takeda et al. (12) 1

Bajaj et al. (13) 1

Sethi et al. (14) 1

Samulski et al. (15) 1

Bellevicine et al. (16) 1

Inaba et al. (17) 1
Kai et al. (18) 1
Oza et al. (19) 3

Bishop et al. (20) 5

Griffith et al. (21) 6

Higuchi et al. (22) 7

oncocytic features

Myoepithelial neoplasm
or AciCC

Low-grade MEC
ND

Suspicious for low-grade
MEC

High-grade carcinoma
(SDC, AciCC, MEC,
ADC NOS)

Ist read: PA

2nd read: LG salivary
gland neoplasm (AciCC,
MEC)

SC, AciCC-PCV

AciCC mostly composed
of intercalated duct cell
type

Atypia, suspicious for
malignancy
(Papanicolaou I11)

SC in all three cases

(1) Carcinoma (MEC)

(2) Neoplasm (PA or
MECQC)

(3) Neoplasm (AciCC,
MEC)

(4) Favor AciCC

(5) Neoplasm (cellular
PA)

(1) Papillary neoplasm

(2) Low-grade epithelial
neoplasm

(3) Benign salivary
epithelium

(4) Low-grade salivary
gland neoplasm

(5) Low-grade salivary
gland neoplasm

(6) SC

ND

Mucicarmine+,
cytokeratins+,
vimentin+, MGA+,
GCDFP15+, S100+,
calponin—, SMA—

None

ND

Mucicarmine +

S100+

ND

ND
ND

ND

S100+, MGA+

ND

Only Cases 1, 2 and 6
(1) S100+, MGA+
(2) S100—

(6) S100+

ND

translocation ETV6-NTRK3
confirmed by RT-PCR (histology
material)

ETV6 rearrangement by FISH,
translocation ETV6-NTRK3
confirmed by RT-PCR (histology
material)

Not available in laboratory
ETVG6 rearrangement by FISH,
translocation ETV6-NTRK3
confirmed by RT-PCR (histology

material)

ETV6 rearrangement by FISH
(histology material)

ETV6 rearrangement by FISH,
translocation ETV6-NTRK3
confirmed by PCR (histology
material)

ETV6 rearrangement (histology
material)

ND
ETV6-NTRK3 by RT-PCR
(histology material)

ETV6-NTRK3 by RT-PCR
(histology material)

ETV6-NTRK3 by RT-PCR
(histology material)

ETV6 rearrangement by FISH
(histology material)

ETV6 rearrangement by FISH in
Cases | and 6. Case 2 was
considered to be inadequate for
analysis (cell block)

ETV6 rearrangement by FISH,
translocation ETV6-NTRK3
confirmed by RT-PCR (histology
material)

specific diagnosis of malignancy is made without
ancillary techniques (26, 27). Adequacy of the
CBs depends primarily on the received material.

The skills of the clinicians performing the FNA
and of the laboratory technicians are both impor-
tant (28).

© 2019 APMIS. Published by John Wiley & Sons Lid 499
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Table 3. (continued)

Reference No. of Original cytological Immunocytochemistry ~ Genetics
cases  diagnosis and special stains
Jung et al. (23) 9 (1) MEC ND ETV6 rearrangement by FISH

(2) Favor AciCC

(3) Suggestive of AciCC

(4) PA

(5) Suggestive of AciCC

(6) Cellular PA

(7) PA

(8) Favor ADC

(9) Mucin producing
adenocarcinoma

(histology material)

PA, Pleomorphic adenoma; AciCC, acinic cell carcinoma; MEC, mucoepidermoid carcinoma; SDC, salivary dust carci-
noma: ADC NOS, adenocarcinoma not otherwise specified; SC, secretory carcinoma:; FISH, fluorescent in situ hybridiza-
tion; RT-PCR. reverse transcription polymerase chain reaction; ND, not determined, ICC, immunocytochemistry; LG,

low-grade; PCV, papillary cystic variant.

We have designed a basic staining panel to sup-
port and confirm the diagnosis of SC. This panel
includes S-100 protein/mammaglobin A (MGA)/
SOX10 positivity and DOGI1/p63 negativity.
Although vimentin is a non-specific marker, it can
be used as an indicator of myoepithelial differentia-
tion. Nevertheless, if DOGI is available, negativity
of DOGI excludes the diagnosis of AciCC and sup-
ports the diagnosis of SC.

In cases, where the SC diagnosis is raised, molec-
ular testing should follow. ETV6 rearrangement is
usually tested by FISH. If the result is positive, the
diagnostic procedure is accomplished and the most
accurate diagnosis is given to the clinician. If
NTRK3 or RET is detected as one of the fusion
partners, SC is potentially treatable even in very
advanced stages by the inhibitors of tyrosine-kinase
activity that have been recently approved by the
FDA. Targeted therapies are aimed for patients
with advanced stages of the disease.

In previously reported series (Table 3), the per-
formed ancillary studies were often limited. Only
Pisharodi (10) performed sufficient ICC panel in
her case report but the molecular detection was
not done on CB. Genetic examinations were per-
formed mainly on the final histological material.
Only in one reported series, the FISH study was
performed pre-operatively on CBs in three of six
cases with positive conclusive results in two sam-
ples (20). Our study is the only one with a suffi-
cient immunostaining panel for each case but also
with an appropriate genetic control of the presence
of ETV6 rearrangement in three out of six cases
on CBs.

Categorization of SC according to MSRSGC
depends on the availability of ancillary studies. If
smears are available only, it is almost impossible to

500

make a conclusive cytological diagnosis and the
FNA should be classified as “Salivary gland Neo-
plasm of uncertain Malignant Potential (SUMP).”
The ROM of this category is 35% according to
MSRSGC, but a recent study by Liu et al. demon-
strates a ROM of only 24% (29). If adequate CB
or any other material is available, basic 1CC
according to the suggested staining panel should be
performed, followed by genetic confirmation of the
ETV6 rearrangement, then the diagnosis of SC is
certain and the FNA cytology should be concluded
as “Malignant” according to MSRSGC. If genetic
examination is not available in the laboratory and
only ICC is confirmative for the diagnosis of SC,
the MSRSGC category “Suspicious for malig-
nancy” should be applied.

In summary, SC is a challenging tumor both in
cytology and histology because of its non-specific
overlapping morphological features. The key cyto-
morphological features to raise the suspicion for
SC are papillary architecture and distinct granular
cytoplasm. Its precise cytological diagnosis requires
ancillary ICC and molecular testing on CB mate-
rial. The availability of CB facilitates also the cyto-
morphological assessment. The ICC results are
concordant with the THC results. Nevertheless, the
genetic testing is not always successful on CB mate-
rial, often due to the lack of remnant material. We
have suggested a diagnostic approach to SC cytol-
ogy and presented the first SC cytology series in the
context of MSRSGC.

The study was supported by VTR competitive grant
(Ivana Kholovd, MD, PhD) and by the grant SVV-2018
No. 260 391 provided by the Ministry of Education,
Youth and Sports of the Czech Republic (Markéta Mies-
bauerovd, MD, Martina Banéckovd, MD and Alena
Skdlovd, MD, PhD).
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1.11.1 MOLEKULARNI PROFILOVANiI INTRADUKTALNIHO KARCINOMU
SLINNYCH ZLAZ ODHALILO PODSKUPINU KARCINOMU
CHARAKTERIZOVANYCH NCOA4-RET FUZI A NOVOU TRIM27-RET
FUZIi
Intraduktalni karcinom (IC) je recentné definovana jednotka ve WHO Kklasifikaci (21).

V ramci diferencidlni diagnézy jsou nejcastéji zminované sekre¢ni karcinom (SC) a salivarni

duktalni karcinom (SDC). Prvni z pfiloZzenych publikaci se zabyva vztahem mezi IC a SC. IC

ma obdobny imunoprofil jako SC, tj. S100 protein/ mammaglobin pozitivni, DOG1 negativni

a p63 zachovanou myoepitelialni vrstvu kolem intraduktalni komponenty IC ¢i velmi vzacné i

SC.

Retrospektivné bylo vysetteno 17 ptipada IC, v nichZ nebyl prokazany zlom ETV6 genu
metodou FISH ani fuze ETV6-NTRK3 metodou RT-PCR. Analyza metodou NGS prokazala
fuzi exonlt 7 ¢i 8 genu NCOA4 sexonem 12 genu RET v 6 piipadech IC s fenotypem
z vmezefenych duktl. Dale byla zjisténa fize TRIM?27-RET nachézejici se mezi exony 3 a 12
ve 2 ptipadech IC s apokrinni morfologii. Celkové byl RET zlom potvrzeny ve 47 % piipada
IC. Ptiblizn€ v 50 % ptipadl nebyla zastizena zadna fize v nasi studii ani ve studii Weinreba a
spol (52). Pravdépodobné budou tyto RET-negativni IC obsahovat jinou flzi, zatim
nedetekovanou nasimi stavajicimi NGS platformami, coz vyzaduje dalsi zkoumani.
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Molecular Profiling of Salivary Gland Intraductal
Carcinoma Revealed a Subset of Tumors Harboring
NCOA4-RET and Novel TRIM27-RET Fusions

A Report of 17 cases
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Abstract: Intraductal carcinoma (IC) is the new World Health
Organization designation for tumors previously called “low-
grade cribriform cystadenocarcinoma™ and “low-grade salivary
duct carcinoma.” The relationship of IC to salivary duct carci-
noma is controversial, but they now are considered to be distinct
entities. IC is a rare low-grade malignant salivary gland neo-
plasm with features similar to mammary atypical ductal hyper-
plasia or ductal carcinoma in situ, that shows diffuse S100
protein and mammaglobin positivity and is only partially defined
genetically. (Mammary analogue) secretory carcinoma harboring
ETV6-NTRK3, and in rare cases ETV6-RET fusion, shares
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histomorphologic and immunophenotypical features with IC.
Recently, RET rearrangements and NCOA4-RET have been
described in IC, suggesting a partial genetic overlap with mam-
mary analogue secretory carcinoma. Here, we genetically char-
acterize the largest cohort of IC to date to further explore
this relationship. Seventeen cases of IC were analyzed by next-
generation sequencing using the FusionPlex Solid Tumor kit
(ArcherDX). Identified fusions were confirmed using fluo-
rescence in situ hybridization break apart and, in some cases,
fusion probes, and a reverse transcription polymerase chain
reaction designed specifically to the detected breakpoints. All
analyzed cases were known to be negative for ETV6 rearrange-
ment by fluorescence in situ hybridization and for ETV6-NTRK3
fusion by reverse transcription polymerase chain reaction. Next-
generation sequencing analysis detected a NCOA4-RET fusion
transcript joining exon 7 or 8 of NCOA4 gene and exon 12 of
RET gene in 6 cases of intercalated duct type IC; and a novel
TRIM27-RET fusion transcript between exons 3 and 12 in
2 cases of salivary gland tumors displaying histologic and
immunohistochemical features typical of apocrine IC. A total of
47% of 1C harbored a fusion involving RET. In conclusion, we
have confirmed the presence of NCOA4-RET as the dominant
fusion in intercalated duct type IC. A novel finding in our study
has been a discovery of a subset of IC patients with apocrine
variant IC harboring a novel TRIM27-RET.

Key Words: salivary gland neoplasm, intraductal carcinoma,
cystadenocarcinoma, mammary analogue secretory carcinoma,
MASC, NCOA4-RET, TRIM27-RET, RET-targeted therapy

(Am J Surg Pathol 2018:42:1445-1455)

S ecretory carcinoma of the salivary glands, also known
as mammary analogue secretory carcinoma (MASC),
was originally described by Skalova et al, in 2010." Most
of these tumors were previously categorized as acinic cell
carcinoma,”# adenocarcinoma not otherwise specified or
low-grade cystadenocarcinoma, but were recognized as a
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distinct entity based on their morphologic and molecular
resemblance to secretory carcinoma of the breast,! and
subsequently adopted by the World Health Organization
(WHO) Classification of Head and Neck Tumours in 2017
as secretory carcinoma of salivary glands.”> MASCs are
characterized by abundant eosinophilic cytoplasm and
secretions, consistent immunohistochemical positivity for
S100 and mammaglobin, and recurrent ETV6-NTRK3
gene fusions. Increasing experience with MASCs, how-
ever, has also highlighted a small subset of cases that
demonstrate divergent molecular findings.57 Most nota-
bly, Skalova et al.® recently characterized 10 cases with
alternate ETV6-RET fusion.

Intraductal carcinoma (IC) is the new WHO desig-
nation for tumors previously called “low-grade cribriform
cystadenocarcinoma” and “low-grade salivary duct car-
cinoma.” The relationship of IC to salivary duct carci-
noma (SDC) has been controversial, but recently they are
considered to be distinct entities. IC is a rare low-grade
malignant salivary gland neoplasm with features similar to
mammary atypical ductal hyperplasia or ductal carcinoma
in situ, that shows diffuse S100 protein and mammaglobin
positivity and an intact myoepithelial cell layer decorated
by p63 protein, calponin, and cytokeratin 14.

MASC has many architectural and immunopheno-
typic features similar to, or identical with IC. Both tumors
may share diffuse S100 protein and mammaglobin positivity
and similar architectural features, such as cribriform-like se-
cretory spaces, multicystic architecture and papillary growth
pattern.! These 2 morphologically similar entities should be,
however, strictly separated. Pure IC is an in situ lesion with
no capacity for metastasizing while MASC does not have any
significant intraductal component and may metastasize. Most
importantly, the neoplastic nests and cysts of IC are com-
pletely surrounded by a rim of non-neoplastic myoepithelial
cells, which are positive for p63 protein, and other my-
oepithelial cell-related markers such as smooth muscle actin,
CK14, and calponin. Thus, immunohistochemistry is helpful
in differential diagnosis between IC and MASC; with p63
protein expression providing evidence of intact myoepithelial
layer in IC while virtually negative in MASC.

Weinreb et al,!® recently demonstrated recurrent
rearrangements involving RET in 47% of ICs with an in-
tercalated duct phenotype and confirmed NCOA4-RET
fusion in one such case using next-generation sequencing
(NGS) and direct sequencing. Dogan et al,l! presented,
however, at the USCAP Annual Meeting on March 6th
2017 as a poster, NCOA4-RET fusion in one of 4 tumors
morphologically and immunophenotypically compatible
with MASC using the NGS assay. The proposed novel
finding of NCOA4-RET fusion in MASC attracted our
attention as it was in contrast with our experience. So far,
we have tested > 300 cases of MASC and never found any
other fusion than ETV6-NTRK3 or ETV6-RET.\$

There have been only limited genomic and immuno-
histochemical comparative studies of pure IC and MASC, so
far. One case of “low-grade cribriform cystadenocarcinoma”
tested as part of the control group in the original description
of MASC was ETV6 negative by fluorescence in situ

1446 | www.ajsp.com

hybridization (FISH).! A second study found one case of
“low-grade cribriform cystadenocarcinoma” to be ETV6
negative by FISH.!2 A recent third study also showed
ETVG6 negativity by FISH in 5 cases of IC tested.!? In the
study by Shah et al,'® there was a single case originally
classified as MASC that was negative to ETV6 break by
FISH, and positive for S100 and mammaglobin by im-
munohistochemistry, re-classified as IC on review. The
study by Weinreb et al,'? also found no evidence of ETV6
rearrangement in any of their IC cases tested, and did not
confirm the partner gene for RET in the majority of the
tumors. Therefore, we used a comprehensive genetic
analysis to examine the largest cohort of IC to date, with
the goal of defining the most common gene fusions and
potentially identifying novel fusions.

MATERIALS AND METHODS

Among more than 6200 cases of primary salivary
gland tumors, 16 cases of IC were retrieved from the
consultation files of the Salivary Gland Tumor Registry,
at the Department of Pathology, Faculty of Medicine in
Plzen, and Biopticka Laboratory Ltd, Plzen, Czech Re-
public (A.S. and M.M.). Interestingly, 7 cases were orig-
inally diagnosed as MASCs by referring pathologists, and
sent as consults for molecular confirmation. One addi-
tional case of predominantly apocrine IC was added which
was originally reported as case no. 15 in Weinreb et al,'’
and tested by NGS.

The histopathologic features of all tumors and the
immunohistochemical stains, when available, were reviewed
by 2 pathologists (A.S. and M.B.). A diagnosis of IC was
confirmed in cases that displayed histologic features con-
sistent with original description in conjunction with the
appropriate immunohistochemical profile, that is, co-ex-
pression of S100 protein, cytokeratin CK7, and mamma-
globin in the absence of DOGI staining. Moreover, an
intact myoepithelial layer decorated by p63 and/or CK14
and calponin provided evidence of intraductal component.
Widely invasive carcinomas were excluded. Tumors were
classified further into 2 groups, according to criteria pub-
lished recently!® those that showed an intercalated duct
phenotype and those with an apocrine phenotype. This was
determined both histologically and immunohistochemically.
Thus, a total number of 17 IC cases were studied by NGS
using ArcherDX FusionPlex kit.

For conventional microscopy, the excised tissues
were fixed in formalin, routinely processed, embedded in
paraffin (FFPE), cut, and stained with hematoxylin and
eosin. In most cases, additional stains were also per-
formed, including periodic acid-Schiff with and without
diastase, mucicarmine, and Alcian blue at pH 2.5.

For immunohistochemical analysis, 4-pm-thick sec-
tions were cut from paraffin blocks and mounted on
positively charged slides (TOMO, Matsunami Glass IND,
Japan). Sections were processed on a BenchMark UL-
TRA (Ventana Medical System, Tucson, AZ), deparaffi-
nized and then subjected to heat-induced epitope retrieval
by immersion in a CC1 solution at pH 8.6 at 95°C. All

Copyright © 2018 Wolters Kluwer Health, Inc. Al rights reserved.

Copyright © 2018 Wolters Kluwer Health, Inc. All rights reserved.

92



Am | Surg Pathol * Volume 42, Number 11, November 2018

Molecular Profiling of Salivary Intraductal Carcinoma

TABLE 1. Antibodies Used for Immunohistochemical Study

Antigen

Retrieval/
Antibody Time
Specificity Clone Dilution (min) Source
S100 protein Polyclonal RTU CC1/20 Ventana
Mammaglobin 304-1A5 RTU CC1/36  DakoCytomation
CK7 OV-TL 12/30  1:200 CCl1/36  DakoCytomation
p63 4A4 RTU CCl/64 Ventana
DOGI SP31 RTU CCl1/36 Cell Marque
GATA-3 L50-823 1:200 CCl/52  BioCareMedical
SOX-10 Polyclonal 1:100 CCl/64 Cell Marque
MIB1 30-9 RTU CCl/64 Ventana
Androgen SP107 RTU CCl/64 Cell Marque

receptor

Calponin EP798Y RTU CCl1/36 Cell Marque
CK 14 SP53 RTU CCl/e4 Cell Marque

CC1—EDTA buffer, pH 8.6.

RTU indicates ready to use.

other primary antibodies used are summarized in Table 1.
The bound antibodies were visualized using the ultraView
Universal DAB Detection Kit (Roche) and ultraView
Universal Alkaline Phosphatase Red Detection Kit
(Roche). The slides were counterstained with Mayer’s
hematoxylin. Appropriate positive and negative controls
were employed.

Where available, clinical follow-up was obtained
from the patients, their physicians, or from referring
pathologists.

Molecular Genetic Study

Sample Preparation for NGS and Reverse
Transcriptase Polymerase Chain Reaction

For NGS and reverse transcriptase polymerase
chain reaction (RT-PCR) analysis, 2 to 3 FFPE sections
(10 pm thick) were macrodissected to isolate tumor-rich
regions. Samples were extracted for total nucleic acid using
Agencourt FormaPure Kit (Beckman Coulter, Brea, CA)
following the corresponding protocol with an overnight
digest and an additional 80°C incubation as described in
modification of the protocol by ArcherDX (ArcherDX Inc.,
Boulder, CO). RNA component of the total nucleic acid was
quantified using the Qubit Broad Range RNA Assay Kit
(Thermo Fisher Scientific) and 2 pL of sample.

RNA Integrity Assessment and Library Preparation
for NGS

Unless otherwise indicated, 250 ng of FFPE RNA
was used as input for NGS library construction. To assess
RNA quality, the PreSeq RNA QC Assay using iTaq
Universal SYBR Green Supermix (Biorad, Hercules, CA)
was performed on all samples during library preparation
to generate a measure of the integrity of RNA (in the form
of a cycle threshold [Ct] value). Library preparation and
RNA QC were performed following the Archer Fusion-
Plex Protocol for Illumina (ArcherDX Inc.). The Archer
FusionPlex Solid Tumor Kit was used. Final libraries were
diluted 1:100,000 and quantified in a 10 puL reaction following

Copyright © 2018 Wolters Kluwer Health, Inc. All rights reserved.

the Library Quantification for Illumina Libraries protocol and
assuming a 200bp fragment length (KAPA, Wilmington,
MA). The concentration of final libraries was around 200 nM.
Threshold representing the minimum molar concentration
for which sequencing can be robustly performed was set at
50 nM.

NGS Sequencing and Analysis

Libraries were sequenced on a NextSeq. 500 sequencer
(Illumina, San Diego, CA). They were diluted to 4nM and
equal amounts of up to 16 libraries were pooled per run. The
optimal number of raw reads per sample was set to 3,000,000.
Library pools were diluted to 1.8 pM library stock spiked with
20% PhiX and loaded in the NextSeq MID cartridge. Analysis
of sequencing results was performed using the Archer Analysis
software (v5; ArcherDX Inc.). Fusion parameters were set to a
minimum of 5 valid fusion reads with a minimum of 3 unique
start sites within the valid fusion reads.

FISH Analysis of RET Break and TRIM27-RET
Fusion

Four micrometer thick FFPE sections were placed
onto positively charged slides. Hematoxylin and eosin—
stained slides were examined for determination of areas
for cell counting.

The unstained slides were routinely deparaffinized
and incubated in the X1 Target Retrieval Solution Citrate
pH 6 (Dako, Glostrup, Denmark) at 95°C for 40 minutes
and subsequently cooled for 20 minutes at room temper-
ature in the same solution. Slides were washed in deionized
water for 5 minutes and digested in protease solution with
Pepsin (0.5 mg/mL) (Sigma Aldrich, St. Louis, MO) in 0.01
M HCI at 37°C for 35 to 60 minutes according the sample
conditions. Slides were then placed into deionized water for
5 minutes, dehydrated in a series of ethanol solution (70%,
85%, 96% for 2 min each) and air-dried.

For the detection of RET rearrangement, factory pre-
mixed commercial probe ZytoLight SPEC RET Dual Color
Break Apart Probe (ZytoVision GmbH, Bremerhaven,
Germany) have been used. For the TRIM27-RET dual-
fusion detection custom designed SureFISH probe (Agilent
Technologies Inc., Santa Clara with chromosomal regions
chr6:28631476-29131075 and chr10:43354893-43849282 have
been used. Probe-mixture for the fusion detection was pre-
pared from corresponding probes (each color was delivered in
separated well), deionized water and LSI Buffer (Vysis/Abbott
Molecular) in a 1:1:1:7 ratio, respectively.

An appropriate amount of mixed and premixed
probes was applied on specimens, covered with a glass
coverslip and sealed with rubber cement. Slides were in-
cubated in the ThermoBrite instrument (StatSpin/Iris
Sample Processing, Westwood, MA) with codenaturation
at 85°C/8 minutes and hybridization at 37°C/16 hours.
Rubber cemented coverslip was then removed and the
slide was placed in post-hybridization wash solution
(2%SSC/0.3% NP-40) at 72°C/2 minutes. The slide was
air-dried in the dark, counterstained with 4', 6’-diamidino-
2-phenylindole DAPI (Vysis/Abbott Molecular), cover
slipped and immediately examined.
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TABLE 2. Primers for RT-PCR Analysis

Primer Name Seq e 5'-3'
NCOA4-RET-7-12-F CCCTTCCTGGAGAAGAGAGG
NCOA4-RET-7-12-R GTACCCTGCTCTGCCTTTCA
NCOA4-RET-8-12-F TACCCAAAAGCAGACCTTGG
NCOA4-RET-8-12-R CGCCTTCTCCTAGAGTTTTTCC
-F TGATCGCTCAGCTAGAAGAGAA

TRIM27-RET-3-1
1

TRIM27-RET-3- CCAAGTTCTTCCGAGGGAAT

FISH Interpretation

The sections were examined with an Olympus BX51
fluorescence microscope (Olympus Corporation, Tokyo,
Japan) using a X100 objective and filter sets Triple Band
Pass (DAPI/SpectrumGreen/SpectrumOrange), Dual Band
Pass (SpectrumGreen/SpectrumOrange) and Single Band Pass
(SpectrumGreen or SpectrumOrange).

For each probe, 100 randomly selected nonoverlapping
tumor cell nuclei were examined for the presence of yellow or
green and orange fluorescent signals. Regarding break-apart
probe, yellow signals were considered negative, separate orange

and green signals were considered as positive; conversely for
fusion probe, yellow signals were considered positive, separate
orange and green signals were considered as negative. Cut-off
values for break apart and fusion probes were set to <10% and
20% of nuclei with chromosomal breakpoint and fusion signals,
respectively (mean+3 SD in normal non-neoplastic control
tissues).

RT-PCR Analysis of NCOA4-RET
and TRIM27-RET Fusion Transcripts

Two microliter of cDNA prepared by standard RT
procedure using Transcriptor First Strand cDNA Synthesis
Kit (RNA input 500 ng) (Roche Diagnostics, Mannheim,
Germany) was added to reaction consisted of 12.5uL of
HotStar Taq PCR Master Mix (QIAgen, Hilden, Germany),
10 pmol of each fusion specific primer (Table 2) and distilled
water up to 25pL. The amplification program comprised
denaturation at 95°C for 14 minutes and then 45 cycles of
denaturation at 95°C for 1 minute, annealing at temperature
55°C for 1 minute and extension at 72°C for 1 minute. The
program was finished by incubation at 72°C for 7 minutes.

TABLE 3. Detailed Molecular Findings of 17 Cases of Salivary Gland ICs

FISH RT-PCR FISH
Agel Exons FISH TRIM27-RET Fusion ETV6 RT-PCR

No. Sex Diagnosis NGS Joining RET ba Fusion Specific ba ETV6-NTRK3

1 38/M Pure IC intercalated duct type, solid NCOA4-RET  8-12  Positive* ND Positive Negative Negative
microcystic, rich lymphoid stroma

2 47/M Pure IC intercalated duct type, solid NCOA4-RET  7-12  Positive* ND Positive Negative Negative
multicystic, *“MASC-like”

3 54/M IC with apocrine features, TRIM27-RET  3-12 Positive Positive Positive Negative Negative
micropapillary, minimal invasion

4 50/M Pure IC intercalated duct type, solid NA — NA ND Negative Negative Negative
multicystic, “MASC-like”

5 58/M Pure IC intercalated duct type, solid NA —_ NA ND ND NA Negative
microcystic, apocrine, papillary

6  81/M Pure IC intercalated duct type, “roman NA — Negative ND Negative ~ Negative Negative
bridges”

Invasive component of epithelial-

myoepithelial carcinoma

7t 50/F Pure IC intercalated duct type, unicystic Negative — Negative ND ND Negative Negative

8  74/M Pure IC intercalated duct type, papillary, NCOA4-RET  8-12  Positive* ND Positive Negative Negative
multicystic

9 36/F Pure IC intercalated duct type, few Negative — Negative ND ND Negative Negative
apocrine cells

10 53/F IC intercalated duct type, minimal Negative —  Negative ND ND Negative Negative
mvasion

11 75/F IC with apocrine features, papillary, Negative — Negative ND ND Negative Negative
thick fibrous capsule

12 69/M IC with apocrine features, unicystic Negative — ND ND ND ND Negative

13 42/F Pure IC intercalated duct type, unicystic Negative — ND ND ND Negative Negative

14 61/F Pure IC intercalated duct type, solid, NCOA4-RET  7-12  Positive* ND Positive Negative Negative
microcystic, “MASC-like”

15 36/M Pure IC intercalated duct type, solid, NCOA4-RET  8-12  Positive* ND Positive NA Negative
microcystic, “MASC-like”

16 50/M Pure IC intercalated duct type, solid, NCOA4-RET  8-12  Positive ND Positive ND ND
microeystic, “MASC-like”

17f 66/M IC with widespread apocrine features, ~ TRIM27-RET  3-12  Positive Positive Positive ND ND

and hybrid intercalated duct pattern

*Cases | to 2, 8, and 14 to 16 showed a RET FISH signal pattern indicative of an inversion/rearrangement (in one allele a gap between orange and green signals was
observed, hovewer this gap didnot reach internal cut-off (> 2 signal diameters apart).

22

TPublished in Laco et al.=
1Published as case no.15 in Weinreb et al.'®
F indicates female; M, male; NA. not analyzable; ND, not done.
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Successfully amplified PCR products were purified with
magnetic particles Agencourt AMPure (Agencourt Bio-
science Corporation, A Beckman Coulter Company,
Beverly, MA). Products were then bi-directionally se-
quenced using Big Dye Terminator Sequencing kit (Ap-
plied Biosystems, Foster City, CA), purified with magnetic
particles Agencourt CleanSEQ (Agencourt Bioscience
Corporation), all according to manufacturer’s protocol
and run on an automated sequencer ABI Prism 3130x1
(Applied Biosystems) at a constant voltage of 13.2kV for
11 minutes.

RESULTS

Molecular Genetic Findings

The 17 cases of IC were analyzed by NGS using the
ArcherDX analysis platform. This analysis detected a
NCOA4-RET fusion transcript joining exon 7 or § of
NCOA4 gene and exon 12 of RET gene in 6 cases and a
novel TRIM27-RET fusion transcript between exons 3
and 12 in 2 cases of salivary gland tumors displaying
histologic and immunohistochemical features typical of

apocrine IC (Table 3). The fusion transcripts were confirmed
by RT-PCR and sequencing (Figs. 1A-C). FISH analysis
using RET break-apart probe showed 2 different patterns,
one “negative” when distance criteria was used according to
the interpretation rules, but still showing small separation of
signals (cases | to 2, 8, and 14 to 16) (Fig. 2A), and a regular
break (classic positive pattern) with apparent separation of
signals demonstrated in 2 cases (cases 3 and 17) (Fig. 2B).
Confirmation using FISH TRIM27-RET fusion probe
displayed fusion signals with amplification (Fig. 2C).
Localization of RET, NCOA4, and TRIM27 genes for an
explanation of 2 different patterns of FISH break-apart
results is shown in the figure (Fig. 2D).

All analyzed cases were negative for ETV6-NTRK3 gene
fusion by the FusionPlex kit, RT-PCR, and ETV6 gene was
found intact by FISH (Table 3). No other fusion transcripts
different from NCOA4-RET or TRIM27-RET were found by
NGS in any analyzable case of IC. A total of 47% of analyzed
cases harbored a RET fusion by NGS, an identical finding to
that found by Weinreb et all® By RT-PCR, the fusions
NCOA4-RET and TRIM27-RET were confirmed in all NGS
positive cases. The RET FISH break-apart probe and

B —
exon:8 exon:12
E NCOA4 E RET
" Te G e " " c " e c L G ne 13 ar c c " " " G e 13 & "
X ‘ N\ V \ |
C —
E TRIM27 lERET
¢ 4 13 L] c c T cecyv G 1 ne & ne © LI} c ¢t

iy

AR

FIGURE 1. Schematic representation of the fusion transcripts with Sanger sequence of RT-PCR. NCOA4-RET exons 7 and 12 (A),
NCOA4-RET exons 8 and 12 (B), TRIM27-RET exons 3 and 12 (C).
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RET

NCOA4
Chr 10

TRIM27 L,
Chr6 :Titﬁf

FIGURE 2. FISH analysis. A, Seemingly negative RET break-apart probe with small separation of signals (red-green arrow). B, Regular
RET break-apart probe positivity (red and green arrows); yellow arrows show intact gene in both cases. C, TRIM27-RET fusion probe
positivity with signal amplification (yellow arrows). D, Scheme of chromosomal localization of RET, NCOA4, and TRIM27 genes.

TRIM27-RET fusion probe successfully detected the RET
rearrangement in both cases with TRIM27-RET. “False”
negative FISH results were obtained in all NCOA4-RET cases
for RET rearrangement owing to this fusion being the result of
an intrachromosomal rearrangement with inversion. Although
a narrow separation of the FISH signals was noted in each
case. The molecular findings are summarized in Table 3.

Clinical and Histologic Characteristics of the
Study Group

The study cohort consisted of 15 pure ICs and 2 ICs
with limited microinvasion. The patients with available
clinical information included 11 males and 6 females, with a
wide age-range at diagnosis of 36 to 81 years (mean, 55.3y).
The most common anatomic site of involvement was the
parotid gland (no. =16 patients), with one case in the buccal
mucosa. The tumors ranged from 0.6 to 4.6 cm (mean, 1.64
cm). Detailed clinical, follow-up, and histologic findings in
17 patients with IC are summarized in Table 4.

Grossly, the tumors were entirely circumscribed and
encapsulated in most cases, although infiltrative edges were
seen in 2 cases. All tumors were treated by surgical excision
with clear surgical margins. Five patients underwent subtotal

1450 | www.ajsp.com

conservative parotidectomy (cases 2, 8, 14 and 15), followed by
radiation therapy (case 8), and cervical lymph node dissection
(case 2), respectively. Clinical follow-up data were obtained
from 15 patients, and ranged from 8 months to 15 years
(mean, 5y and 5mo); 2 patients were lost to follow-up.

Microscopic and Immunohistochemical Features

Histologically, at low power magnification, most
cases were well-circumscribed and encapsulated. Focal
areas with microinvasion were seen in 2 cases of 1C (case 3
and 10). In addition, in case 6 the tumor of parotid gland
was a hybrid lesion composed of 2 separate components,
one was invasive epithelial-myoepithelial carcinoma and
the other pure IC without invasion. Lymphovascular and
perineural invasion was absent in all cases. All tumors
were characterized by luminal epithelial proliferations
with ductal phenotype arranged mainly in multiple cystic
patterns, besides solid and cribriform islands (Fig. 3A).
Intracystic growth often formed micropapillary structures
with anastomosing and filigreed epithelial tufts, comprising
the so called Roman-bridges pattern (Fig. 3B). Eosinophilic
proteinaceous secretion and hemorrhagic areas were
occasionally observed in some cystic spaces, as well as
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TABLE 4. Clinicopathologic Features of 16 Cases of Salivary Gland Intraductal Carcinomas

S100
Age/ Size Nuclear Protein/ Outcome

No. Sex Site (cm) Diagnosis Grade MGA AR Treatment (in months)

1 38/M  Parotid 4.0 Pure IC intercalated duct type, solid microcystic, Low +/+ = Superficial 20 NED
rich lymphoid stroma parotidectomy

2 47/M  Parotid 1.4 Pure IC intercalated duct type, solid multicystic, Low +/+ — Parotidectomy and 36 NED
“MASC-like” neck dissection

3 54M Parotid 2.2 IC with apocrine features, micropapillary, High +/+ +  Superficial 8 NED
minimal invasion parotidectomy

4 50/M  Parotid 1.0 Pure IC intercalated duct type, solid multicystic, Low +/+ — Partial 57 NED
“MASC-like” parotidectomy

5 58/M  Parotid 1.5  Pure IC intercalated duct type. solid microcystic, Low +/+ +  Wide excision 144 NED
apocrine, papillary

6 81/M  Parotid NA Pure IC intercalated duct type, “roman-bridges” Low +/ND - NA NA

Invasive component of epithelial-myoepithelial

carcinoma*

7 50/F  Parotid 1.5 Pure IC intercalated duct type, unicystic Low +/+ —  Wide excision 72 NED

8 T74/M  Parotid 1.5 Pure IC intercalated duct type, papillary, Low +/+ — Parotidectomy and 62 NED
multicystic radiotherapy

9 36/F  Buccal 0.6 Pure IC intercalated duct type, few apocrine cells Low +/+ ND Wide excision 180 NED

mucosa

10 53/F  Parotid 2.0 IC intercalated duct type. minimal invasion Low +/+ — Parotidectomy 180 NED

11 75/F Parotid 4.6 IC with apocrine features, papillary, thick Intermediate +/+ ND Parotidectomy 72 NED
fibrous capsule

12 69/M Parotid 0.9 IC with apocrine features, unicystic Low +ND ND Parotidectomy 60 NED

13 42/F Parotid 0.7 Pure IC intercalated duct type, unicystic Low +/ND ND Parotidectomy 60 NED

14 61/F Parotid 1.5 Pure IC intercalated duct type, solid, Low +/+ — Partial 8 NED
microcystic, “MASC-like” parotidectomy

Focal necrosis (deep lobe)

15 36/M Parotid 1.0 Pure IC intercalated duct type, solid, Low +/+ —  Partial 8 NED
microcystic, “MASC-like” parotidectomy

16 50/M  Parotid 2.5 Pure IC intercalated duct type, solid, Low +/+ — Partial 12 NED
microcystic, “MASC-like” parotidectomy

17* 66/M Parotid 1.3 IC with widespread apocrine features, and Intermediate +/+ + NA NA

hybrid intercalated duct pattern

*Published as case no.15 in Weinreb et al.'

F indicates female: MGA, mammaglobin; M, male; NA, not available; ND, not done: NED, no evidence of disease.

cholesterol clefts and foamy histiocytes. Tumor stroma was
densely collagenized in 3 cases, while in one case there was
rich lymphoid stroma with a growth pattern similar to
Warthin tumor (case 1) (Fig. 3C).

On high-power magnification, all cases showed bland
cytology, with tumor cells ranging from small to medium
size, with indistinct cell borders, showing round or ovoid
nuclei with dark condensed or finely dispersed chromatin
and large pale to eosinophilic cytoplasm. Mitoses were in-
conspicuous and only in one case there were focal comedo
necrosis (case 14). Tumor cells showed lipofuscin-like brown
pigment within cells intracytoplasmic vacuoles in most cases
(Fig. 3D). Six cases showed focal (cases 5, 9) or extensive
apocrine differentiation (cases 3, 11, 12, 17) (Fig. 4A).

In ICs with apocrine and mixed hybrid growth patterns
(6/17), most tumor cells were positive for androgen receptor
(AR) (Fig. 4B). All examined IC cases were positive for S100
protein (Fig. 5A), mammaglobin (Fig. 5B), and SOX-10
(Fig. 5C), typically in a strong and diffuse manner. An intact
myoepithelial cell layer surrounding tumor islands was
evidenced by p63 immunohistochemical expression (which
was negative in other tumor cells) (Fig. 5D). Calponin, and
CK 14 decorated an intact peripheral myoepithelial cell layer

Copyright © 2018 Wolters Kluwer Health, Inc. All rights reserved.

in all examined cases, as well. Staining for DOGI1 was
negative in most cases, with limited areas of positive cells in
one case. Proliferative activity was generally low, with a mean
MIBI index <5% (range 1% to 10%).

DISCUSSION

The term “intraductal carcinoma” of the salivary
gland was first introduced in 1983 by Chen'3 in a description
of a single case arising in minor salivary gland of the oral
cavity. Subsequently, several case reports and small series of
the same tumor entity were published with various names,
including “low-grade salivary duct carcinoma,”'%17 and
“low-grade cribriform cystadenocarcinoma.”'® These all re-
ferred to a combination of cystic and solid structures of
varying size formed by intraductal epithelial proliferation
composed of cells resembling intercalated ductal cells and
structures similar to atypical ductal hyperplasia and ductal
carcinoma in situ of breast. In the current WHO classi-
fication, this tumor is now again regarded as an I1C.”

IC has been surrounded by controversy since its
discovery not only because of variable terminologies, but
mainly because of its uncertain relationship to SDC.'¢!1?
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FIGURE 3. IC, intercalated duct type. A, All tumors were characterized by luminal epithelial proliferations with ductal phenotype
arranged mainly in multiple cystic patterns, besides solid and cribriform islands. B, Intracystic growth often formed micropapillary
structures with anastomosing and filigreed epithelial tufts, comprising the so called Roman-bridges pattern. C, There was rich
lymphoid stroma with growth pattern similar to Warthin tumor in case 1. D, Tumor cells showed lipofuscin-like brown pigment
within cells intracytoplasmic vacuoles in most cases.

% . 5 ' A | S

FIGURE 4. IC, apocrine variant. IC with widespread apocrine differentiation (A). Most tumor cells were positive for AR (B).
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and diffuse manner. An intact myoepithelial cell layer surrounding tumor islands was evidenced by p63 immunohistochemical
expression (which was negative in other tumor cells) (D). Calponin, and CK 14 (D) decorated an intact peripheral myoepithelial

cell layer.

In typical cases, IC is noninvasive low-grade carcinoma
composed of bland neoplastic cells positive for S100,
which is in sharp contrast to SDC. SDC is defined by the
recent WHO classification as an aggressive epithelial ma-
lignancy resembling high-grade mammary ductal carci-
noma; and it is composed of polymorphic cells with S100
negative and AR positive immunoprofile.’® Therefore
these 2 lesions are generally accepted as distinct and sep-
arate entities.!?-212 Despite this, there are, in the liter-
ature, occasional well documented low-grade ICs with
subsequent widespread invasion.!?3 Even more confusing
are rare cases of true high-grade SDC reported as purely
“in situ lesions.”?*

In recent years, many salivary gland low-grade
carcinomas have been found to have pathognomonic
translocations and characteristic chromosomal re-
arrangements. These include ETV6-NTRK3 and
ETV6-RET in MASC,'® MYB-NFIB and MYBLI-N-
FIB in adenoid cystic carcinoma,” EWSRI-ATFI in
(hyalinizing) clear cell carcinoma,?® CRTCI/CRTC3-
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MAML? in mucoepidermoid carcinoma,?” and PRKDI-
3 rearrangements in cribriform adenocarcinoma of
tongue and other minor salivary glands.2® These alterations are
tumor-specific and are present in majority of the cases of the
given tumor entity. Therefore they may serve as diagnostic
markers useful for improvement of salivary gland tumor clas-
sification and taxonomy. There have been very few genomic
studies to investigate the relationship of carcinomas with pre-
vailing intraductal growth pattern and their morphologies and
mimics. In particular, recently Weinreb et al,'” reported a series
of intraductal and invasive carcinomas of intercalated salivary
duct origin. They categorized IC into intercalated duct and
apocrine phenotype. IC with intercalated duct differentiation
harbored a NCOA4-RET fusion in one index case and an
inversion pattern of RET rearrangement by FISH in a subset
of cases suggested this may represent a dominant fusion.'® Only
one case in this study showed a classic break-apart pattern
with RET FISH, suggesting an alternate fusion.' In contrast,
IC with apocrine phenotype were shown to be negative for
NCOA4-RET®
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In the current study, which is the largest genomic
study of IC to date, the NCOA4-RET was confirmed to be
the dominant fusion in IC, and likely represented all the
RET positive cases previously reported with an inversion
pattern of rearrangement by FISH. A new finding in our
study has been a discovery of a subset of IC patients with
apocrine variant IC harboring a novel TRIM27-RET. The
single case with a classic break-apart for RET reported by
Weinreb et al,'” was retested in this study and confirmed
to harbor TRIM27-RET. To our knowledge, TRIM27--
RET has not been recognized in any other salivary gland
tumor so far. A total of 8 of 17 cases (47%) were confirmed
to harbor a RET fusion. Interestingly, recent studies using
RNA sequencing have revealed that SDC may also be
added to the growing list of gene fusion-positive salivary
carcinomas, with NCOA4-RET fusions having been found
in 2 SDCs.? Both NCOA4-RET translocated SDC were
positive for AR, and the tumors progressed in spite of
undergoing concurrent chemoradiation, combination
chemotherapy, and dual androgen deprivation therapy.
Both patients with NCOA4-RET translocation, however,
benefited from RET-targeted therapy.”

IC has a generally identical immunoprofile with
MASC (S100 protein/mammaglobin positive and DOGI1/
p63 negative in tumor ductal cells with p63 protein im-
munostaining only in abluminal myoepithelial layer); in-
terestingly MASC (particularly those with ETV6-RET
gene fusions) seem to closely resemble NCOA4-RET
translocated ICs by histomorphology as well. Therefore, it
is possible that the NCOA4-RET gene fusion reported in
one case of “MASC” actually represented a case of IC,
possibly with invasion concealing its intraductal origin.!!

In conclusion, NGS analysis of 17 cases of IC detected a
NCOA4-RET fusion transcript joining exon 7 or 8 of NCOA4
gene and exon 12 of RET gene in 6 cases of intercalated duct
type IC; and a novel TRIM27-RET fusion transcript between
exons 3 and 12 in 2 cases of salivary gland tumors displaying
histologic and immunohistochemical features typical of apoc-
rine IC for a total of 47% of IC cases. All analyzed cases were
negative for ETV6-NTRK3 gene fusion by the FusionPlex kit,
RT-PCR, and ETV6 gene was found intact by FISH. A novel
finding in our study has been a discovery of a subset of IC
patients with apocrine variant IC harboring a novel
TRIM27-RET. The RET negative cases seen in this study and
by Weinreb and colleagues, account for half of all ICs. There is
likely a non-RET fusion or other finding that is not detectable
using our current NGS platform and requires further study.
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1.11.2 NCOA4-RET A TRIM27-RET JSOU CHARAKTERISTICKE GENOVE FUZE
SALIVARNIHO INTRADUKTALNIHO KARCINOMU ZAHRNUJICI
INVAZIVNI I  METASTATICKE TUMORY: JE TERMIN
L,INTRADUKTALNI“ SPRAVNE?

Druhé studie zabyvajici se problematikou IC, analyzuje 33 novych pfipadi IC a
porovnava je se sérii 20 salivarnich duktalnich karcinomti (SDC). Téchto 33 ptipadu IC bylo
IHC a molekularn¢€ geneticky vySetifeno a identifikované fize byly konfirmované metodami
FISH a RT-PCR.

Soubor 33 IC tvotilo 24 ptipada s fenotypem z vmezetenych duktl, 6 ptipadua s Cisté
apokrinnimi rysy a 4 piipady hybridni morfologie. VSechny IC exprimovaly p63 ¢i p40,
v intaktni myoepitelidlni abluminalni vrstvé. Celkem 24 ptipadl IC exprimovalo S100 protein
a SOX10. Vétsina IC s apokrinnim a hybridnim fenotypem byly jaderné AR pozitivni. Cisté
apokrinni IC navic byly pozitivni na AR a negativni na S100 protein/SOX10, vyjma jednoho
pfipadu se vSemi pozitivnimi markery.

V 11 piipadech IC z vmezetenych duktii byla zjisténa fize NCOA4-RET, pticemz ve 2
ptipadech byl pfitomen invazivni rist a v 1 byla zastizena rozsahld invaze s metastdzou
do lymfatické uzliny. Ve 2 piipadech IC s apokrinnimi rysy byla identifikovana fuze mezi
exonem 3 genu TRIM27 a exonem 12 genu RET, jeden z téchto 2 ptipadd byl invazivniho rastu.
Dale byly zastizeny 2 pfipady s nov¢ identifikovanymi fOznimi transkripty TUTI-ETVS
(fenotyp z vmezetenych duktl) a KIAA1217-RET (hybridni fenotyp), oba mély invazivni
charakter. Zbylé 3 pfipady byly téz invazivniho charakteru, 2 znich byly molekularné
geneticky neanalyzovatelné a 1 byl negativni. Celkem 42,4 % ptipada v sérii IC mélo zlom
v genu RET.

Ve skupiné€ 20 SDC, z nichZ 10 bylo vySetieno molekularné geneticky, nebyla zastizena
zadna z vySe popsanych fuzi. Imunohistochemicky se jednalo o klasické SDC, exprimujici CK7
a negativni s S100 proteinem a s markery proti bazalni-myoepitelialni vrstve.

Z hlediska molekularné genetického pozadi pouze jedna studie z roku 2016 vyuzivajici
RNA sekvenaci objevila NCOA4-RET fuzi ve 2 piipadech SDC (80). Tyto ptipady byly
klasifikovany jako SDC na podklad¢ pozitivity AR. Klinicky se jednalo o nadory, které
neodpovidaly na chemoradioterapii ani na terapii androgeny, ale oba pacienti profitovali z 1€cby
RET-inhibitory. I pfesto Ze se jedna o sugestivni nalez, v kontextu celé studie a zejména diky
obrazkové dokumentaci neni morfologie 2 ptipadi NCOA4-RET translokovanych SDC
kompatibilni s diagn6zou SDC. Chybi téz tdaje o vySetfeni SOX10, mammaglobin ¢i S100
protein a AR byly jen fokalné€ pozitivni. CoZ nas ptivadi k hypotéze, Ze tyto RET-translokované
nadory nejsou pravymi SDC a Ze, dle naSeho ndzoru, spiSe pfedstavuji hybridni
apokrinné/vmezetenou variantu IC.

Rizny molekularni profil IC a SDC podporuje tvrzeni, Ze se jednd o odliSné maligni
nadory slinnych zlaz. Nalez nadorové-specifickych fuzi NCOA4-RET a TRIM27-RET
v podskupiné invazivnich karcinomi s fenotypem z vmezetenych duktli a apokrinnim je vice
nez podnétny. Pfivadi nds k ndzoru, ze spiSe nez termin ,,intraduktalni karcinom* navrzZeny
WHO klasifikaci z roku 2017 by se mél vzit termin ,,neinvazivni (¢i invazivni) karcinom
z vmezefenych dukti® pro nddory s S100 protein/SOX10/mammaglobin pozitivitou,
negativitou AR a se zachovanou myoepitelialni vrstvou. Tento typ karcinomu z vmezefenych
duktl predstavuje jednu linii diferenciace, kterd mize obsahovat onkocytarni, apokrinni ¢i
svétlobunécnou komponentu. Nadory charakterizované pozitivitou AR, negativitou na S100
protein/mammaglobin ¢i pfipadné ohrani¢ené¢ TRIM27-RET genovou fizi by mély byt
pojmenovany ,,karcinomy z vmezefenych dukti s apokrinnimi rysy*. Termin SDC by pak m¢l
byt rezervovany pro pokrocile invazivni high-grade malignity a mél by byt klasifikovany podle
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jiz dfive stanovenych kritérii (81). Genetické alterace postihujici SDC zahrnuji amplifikaci
genu HER?2-neu, hotspot mutace PIK3CA a HRAS a mnoho dal$ich, které nebyly popsané v IC
(59).
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logical features reminiscent of atypical ductal hyperplasia or ductal
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carcinoma in situ of the breast, showing diffuse S100 protein and
mammaglobin positivity, while it is partially defined genetically.
Recently, RET rearrangements including NCOA4-RET and
TRIM27-RET have been described in IC. Here, we genetically
characterize the largest cohort of IC to date (33 cases) including 8
cases with focal or widespread invasive growth and 1 case with
lymph node metastasis. Thirty-three cases of IC were analyzed by
next-generation sequencing (NGS) using the FusionPlex Solid
Tumor kit (ArcherDX). Identified gene fusions were confirmed
using fluorescence in situ hybridization break-apart and fusion
probes and an reverse transcription polymerase chain reaction
designed specifically for the detected breakpoints. Ten cases of
SDC were analyzed for comparison using NGS panels that detect
mutations and fusion transcripts. NGS analysis detected an
NCOA4-RET fusion transcript in 11 cases of intercalated duct-
type IC joining exon 7 or 8 of NCOA4 gene and exon 12 of the
RET gene. Eight cases of IC had an invasive growth pattern,
including one with widespread invasion and lymph node meta-
stasis. Three invasive ICs harbored an NCOA4-RET fusion
transcript, while 1 case was negative, and 2 cases were not ana-
lyzable. In addition, a novel TRIM27-RET fusion transcript be-
tween exon 3 of TRIM?27 and exon 12 of RET was identified in 2
cases of IC with apocrine features, and one of them displayed
invasive growth. Two IC cases with invasive growth harbored
novel fusions TUTI-ETVS and KIAAI217-RET, respectively. A
total of 42.4% of the cases in this series of IC harbored fusions
involving RET. Such fusion transcripts were not detected in any of
the 10 SDC cases. We have confirmed NCOA4-RET as a pre-
dominant fusion in intercalated duct-type IC, including 3 cases
with invasive growth pattern. A novel finding in our series was a
case of widely invasive intercalated duct-type IC, with a single
lymph node metastasis that revealed an NCOA4-RET fusion
transcript. We also demonstrated that a subset of apocrine ICs
harbored a TRIM27-RET gene fusion, including one case with
invasive growth. In contrast, neither NCOA4-RET nor
TRIM27-RET fusions were detected in any tested SDCs. Thus,
the distinct molecular findings in IC and SDC support that the
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tumors are separate malignant salivary tumor entities. The pres-
ence of tumor-type-specific NCOA4-RET or TRIM27-RET
translocations in a subset of widely invasive carcinomas with in-
tercalated duct-like immunoprofiles suggests that a recharacteri-
zation of IC including its redesignation as “intercalated duct
carcinoma, invasive or noninvasive” may be appropriate.

Key Words: salivary gland neoplasms, intraductal carcinoma, in-
tercalated duct carcinoma, apocrine, NCOA4-RET, TRIM27-
RET, RET-targeted therapy, gene fusion, cohort studies

(Am J Surg Pathol 2019;43:1303-1313)

n the 2017 World Health Organization Classification of

Head and Neck Tumours,! the tumor entity originally
described as “low-grade salivary duct carcinoma”? and
later called “low-grade cribriform cystadenocarcinoma?
was renamed as intraductal carcinoma (IC). IC is a rare
low-grade salivary gland malignancy with histomorpho-
logic features reminiscent of atypical ductal hyperplasia or
ductal carcinoma in situ of the breast. The tumor is, in
typical cases, characterized by intraductal and intracystic
proliferation of luminal ductal cells exhibiting solid, cri-
briform, and papillary patterns. Its in situ intraductal
nature is demonstrated by an intact myoepithelial cell
layer highlighted by antibodies to p63 protein, calponin,
and/or cytokeratin 14. IC typically shows an intercalated
duct phenotype demonstrating S100 protein and SOX10
positivity of luminal cells, while a subset of IC shows
apocrine morphology further supported by androgen re-
ceptor (AR) immunoexpression.* Rare lesions show mixed
features of the 2 (hybrid types).

Recent studies investigating the molecular genetics
of IC showed recurrent rearrangements of the RET gene
with a predominant NCOA4-RET fusion in the interca-
lated duct-type IC,>% and a TRIM27-RET fusion in the
apocrine-type IC.%7 Recurrent rearrangements involving
RET have been identified in 47% of cases of low-grade IC
with S100 positivity and intercalated duct phenotype.’®
NCOA4-RET fusion was described in noninvasive IC, and
the RET gene was identified as an apparent early onco-
genic driver.>® Interestingly, rare but well-documented
cases of IC with focal or widespread invasive growth have
been reported.*6 Although revious cases of IC with mi-
croinvasion were known, 28 the first case of S100 protein—
positive and AR-negative intercalated duct-type IC with
NCOA4-RET gene fusion and an invasive component was
described recently by Weinreb et al (case 1).° In our pre-
vious study, we reported invasive growth in one case of IC
with apocrine features and TRIM27-RET gene fusion
(case 3).% Thus, there is a growing body of evidence in-
dicating that RET-rearranged 1Cs are not always indolent
in situ malignancies, but may be widely invasive.

Moreover, RET-rearranged IC cases with hybrid in-
tercalated duct and apocrine features have been reported.’
These findings, in particular, intercalated predominant and
pure apocrine carcinomas with widely invasive growth
patterns and RET rearrangement suggest that the current

1304 | www.ajsp.com

term “intraductal carcinoma” (WHO 2017)! should be re-
placed by a more appropriate designation. It is the opinion
of the authors of this study that the term “intraductal car-
cinoma” is a misnomer because of cases with widely in-
vasive carcinomas with a background of in situ intraductal
low-grade lesions harboring NCA4-RET or TRIM27-RET
gene fusions. To support this hypothesis, we have genetically
characterized the largest cohort of IC to date (33 cases),
including 8 cases with focal to widespread invasive growth
and | case with lymph node metastasis. The relationship
of IC to salivary duct carcinoma (SDC) has been
controversial since the first description of 1C.2513 Ten cases
of SDC were analyzed for comparison using next-
generation sequencing (NGS) panels that detect mutations
and fusion transcripts.

MATERIALS AND METHODS

Among > 6200 cases of primary salivary gland tu-
mors, 33 cases of IC were retrieved from the consultation
files of the Salivary Gland Tumor Registry, at the
Department of Pathology, Faculty of Medicine in Plzen,
and Biopticka Laboratory Ltd, Plzen, Czech Republic,
and from the consultation files of the coauthors. Twenty-
nine cases originally diagnosed as SDC were, for com-
parison, retrieved from the consultation files of the
Salivary Gland Tumor Registry, and 10 of them were
analyzed by NGS.

The histopathologic features of all tumors and the
immunohistochemical stains, when available, were re-
viewed by 3 pathologists (A.S., T.S., and M.B.). A diag-
nosis of IC was confirmed in cases that displayed
histologic features consistent with the original description
in conjunction with the appropriate immunohistochemical
profile, that is, co-expression of S100 protein, cytokeratin
CK7, and mammaglobin in the absence of DOGI stain-
ing. Moreover, an intact myoepithelial layer decorated by
p63 andfor CK14 and calponin provided evidence of the
intraductal component. Tumors were classified further
into 2 groups, according to criteria published recently®:
those that showed an intercalated duct phenotype and
those with an apocrine phenotype. This was determined
both histologically and immunohistochemically. Thus, a
total of 33 IC cases were studied by NGS using ArcherDX
Fusion Plex kit.

A diagnosis of SDC was confirmed in cases that dis-
played histologic features consistent with original description
in conjunction with the appropriate immunohistochemical
profile, using criteria published recently.!*

For conventional microscopy, the excised tissues
were fixed in formalin, routinely processed, embedded in
paraffin (FFPE), cut, and stained with hematoxylin
and eosin.

For immunohistochemical analysis, 4-pm-thick sec-
tions were cut from paraffin blocks and mounted on pos-
itively charged slides (TOMO, Matsunami Glass IND,
Japan). Sections were processed on a BenchMark ULTRA
(Ventana Medical System, Tucson, AZ), deparaffinized,
and then subjected to heat-induced epitope retrieval by
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TABLE 1. Antibodies Used for Immunohistochemical
Evaluation

Antibody Antigen

Specificity Clone  Dilution Retrievalitime Source

S-100 protein  Polyclonal RTU CC1/20 min Ventana

Mammaglobin  304-1A5  RTU CC1/36 min  DakoCytomation

CK7 OV-TL 1:200 CC1/36 min  DakoCytomation

12/30

p63 4A4 RTU CC1/64 min Ventana

SOX-10 Polyclonal  1:100 CC1/64 min Cell Marque

MIB1 30-9 RTU CC1/64 min Ventana

Androgen SP107 RTU CC1/64 min Cell Marque
receptor

Calponin EP798Y RTU CC1/36 min Cell Marque

CK 14 SP53 RTU CC1/64 min Cell Marque

CC1 indicates EDTA buffer, pH 8.6; RTU, ready to use.

immersion in a CCl solution at pH 8.6 at 95°C. All primary
antibodies used are summarized in Table 1. The bound
antibodies were visualized using the ultraView Universal
DAB Detection Kit (Roche) and ultraView Universal
Alkaline Phosphatase Red Detection Kit (Roche). The
slides were counterstained with Mayer’s hematoxylin.
Appropriate positive and negative controls were used.
Where available, clinical follow-up was obtained from
the patients, their physicians, or from referring pathologists.

Molecular Genetic Study

Sample Preparation for NGS and Reverse
Transcription Polymerase Chain Reaction

For NGS and reverse transcription polymerase
chain reaction (RT-PCR) analysis, 2 to 3 FFPE sections
(10 pm thick) were macrodissected to isolate tumor-rich
regions. Samples were extracted for total nucleic acid us-
ing Agencourt FormaPure Kit (Beckman Coulter, Brea,
CA). The RNA integrity was evaluated using PreSeq
RNA QC Assay, as was previously described.®

RNA Integrity Assessment and Library Preparation
for NGS

Unless otherwise indicated, 250 ng of FFPE RNA
was used as input for NGS library construction. To assess
RNA quality, the PreSeq RNA QC Assay using iTaq
Universal SYBR Green Supermix (Biorad, Hercules, CA)
was performed on all samples during library preparation
to generate a measure of the integrity of RNA (in the form
of a cycle threshold [Ct] value). Library preparation and
RNA QC were performed following the Archer Fusion-
Plex Protocol for Illumina (ArcherDX Inc.). The Archer
FusionPlex Solid Tumor Kit was used. Final libraries were
diluted 1:100,000 and quantified in a 10 pL reaction fol-
lowing the Library Quantification for Illumina Libraries
protocol and assuming a 200 bp fragment length (KAPA,
Wilmington, MA). The concentration of final libraries was
around 200nM. Threshold representing the minimum
molar concentration for which sequencing can be robustly
performed was set at 50 nM.

Copyright © 2019 Wolters Kluwer Health, Inc. All rights reserved.

NGS Sequencing and Analysis

Libraries were diluted to 4 nM and sequenced on a
NextSeq sequencer (Illumina, San Diego, CA). The opti-
mal number of raw reads per sample was set to 3 million.
Library pools were diluted to 1.6 pM library stock with
20% 1.8 pM PhiX and loaded in the NextSeq cartridge.

The fusion and other rearrangement detection algo-
rithm in Archer Analysis relies on the specificity of the gene-
specific primers used in the amplification steps in the AMP
process. The resulting FASTQ files were analyzed using the
Archer Analysis software (version 5.1.7; ArcherDX Inc.).

Fluorescence In Situ Hybridization Analysis of RET
Break and TRIM27-RET Fusion

Four-micrometer-thick FFPE sections were placed
onto positively charged slides. Hematoxylin and eosin—
stained slides were examined for determination of areas
for cell counting.

The unstained slides were deparaffinized and incubated
in the 1x Target Retrieval Solution Citrate pH 6 (Dako,
Glostrup, Denmark) at 95°C for 40 minutes and subsequently
cooled for 20 minutes at room temperature in the same sol-
ution. The slides were washed in deionized water for 5 mi-
nutes and digested in protease solution with Pepsin (0.5 mg/
mL) (Sigma Aldrich, St. Louis, MO) in 0.01 M HCl at 37°C
for 35 to 60 minutes according to the sample conditions. The
slides were then placed into deionized water for 5 minutes,
dehydrated in a series of ethanol solution (70%, 85%, and
96% for 2 min each), and air-dried.

For the detection of RET rearrangement, factory
premixed commercial probe ZytoLight SPEC RET Dual
Color Break Apart Probe (ZytoVision GmbH, Bre-
merhaven, Germany) was used. For the TRIM27-RET
dual-fusion detection custom-designed SureFISH probe
(Agilent Technologies Inc., Santa Clara) with chromoso-
mal regions chr6:28631476-29131075 and chr10:43354893-
43849282 was used. Probe mixture for fusion detection
was prepared from corresponding probes (each color was
delivered in a separated well), deionized water, and LSI
Buffer (Vysis/Abbott Molecular) in a 1:1:1:7 ratio, re-
spectively.

An appropriate amount of mixed and premixed
probes was applied on specimens, covered with a glass
coverslip, and sealed with rubber cement. The slides were
incubated in the ThermoBrite instrument (StatSpin/Iris
Sample Processing, Westwood, MA) with co-denaturation
at 85°C/8 minutes and hybridization at 37°C/16 hours.
The rubber-cemented coverslip was then removed, and the
slide was placed in posthybridization wash solution
(2xSSC/0.3% NP-40) at 72°C/2 minutes. The slide was air-
dried in the dark, counterstained with 4', 6’-diamidino-
2-phenylindole DAPI (Vysis/Abbott Molecular), cover
slipped, and immediately examined.

Fluorescence In Situ Hybridization Interpretation
The sections were examined with an Olympus

BX51 fluorescence microscope (Olympus Corporation,

Tokyo, Japan) using a %100 objective and filter sets
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Triple Band Pass (DAPI/SpectrumGreen/SpectrumOrange),
Dual Band Pass (SpectrumGreen/SpectrumOrange), and
Single Band Pass (SpectrumGreen or SpectrumOrange).

For each probe, 100 randomly selected nonoverlapping
tumor cell nuclei were examined for the presence of yellow or
green and orange fluorescent signals. As regards break-apart
probe, yellow signals were considered negative, and separate
orange and green signals were considered as positive; con-
versely, for fusion probe, yellow signals were considered
positive, and separate orange and green signals were consid-
ered as negative. Cut-off values for break-apart and fusion
probes were set to > 10% and 20% of nuclei with chromo-
somal breakpoint and fusion signals, respectively (mean+3
SD in normal non-neoplastic control tissues).

RT-PCR Analysis of NCOA4-RET and
TRIM27-RET Fusion Transcripts

Two sample of cDNA prepared by standard reverse
transcription procedure using Transcriptor First Strand
cDNA Synthesis Kit (RNA input 500 ng) (Roche Diag-
nostics, Mannheim, Germany) was added to the reaction
mixture consisting of 12.5 uL. of HotStar Taq PCR Master
Mix (QIAgen, Hilden, Germany), 10 pmol of each fusion-
specific primer (Table 2), and distilled water up to 25 uL.
The amplification program comprised denaturation at 95°
C for 14 minutes and then 45 cycles of denaturation at 95°
C for | minute, annealing at a temperature of 55°C for
1 minute and extension at 72°C for 1 minute. The program
was completed by incubation at 72°C for 7 minutes.

Successtully amplified PCR products were purified with
magnetic particles Agencourt AMPure (Agencourt Bioscience
Corporation, A Beckman Coulter Company, Beverly, MA).
Products were then bidirectionally sequenced using Big Dye
Terminator Sequencing kit (Applied Biosystems, Foster City,
CA), purified with magnetic particles Agencourt CleanSEQ
(Agencourt Bioscience Corporation), all according to the
manufacturer’s protocol, and run on an automated sequencer
ABI Prism 3130x1 (Applied Biosystems) at a constant voltage
of 13.2kV for 11 minutes.

RESULTS

Molecular Genetic Findings

Thirty-three cases of IC were analyzed by NGS us-
ing the Anchored Multiplex PCR (AMP) chemistry tech-
nique (ArcherDX). An NCOA4-RET fusion transcript

TABLE 2. Primers Used for RT-PCR Analysis

Name of Primer

Sequence 5°-3’

NCOA4-RET_7-12_F CCCTTCCTGGAGAAGAGAGG
NCOA4-RET_7-12_R GTACCCTGCTCTGCCTTTCA
NCOA4-RET_8-12_F TACCCAAAAGCAGACCTTGG
NCOA4-RET_8-12_R CGCCTTCTCCTAGAGTTTTTCC
TRIM27-RET_3-12_F TGATCGCTCAGCTAGAAGAGAA
TRIM27-RET_3-12_R CCAAGTTCTTCCGAGGGAAT
TUTI-ETV5_7-8_F GTACTCGGCCTAGCCTCCAC
TUTI-ETV5_7-8_R TCTGACATTTGCCGATGGTA
KIAI217-RET_14-9_F CCAGTGGACAAGGTGGAACT
KIAI1217-RET_14-9_R AGGTGCCATAGCCAGCTTTA
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jJoining exon 7 or § of the NCOA4 gene and exon 12 of the
RET gene was detected in 11 cases of intercalated duct or
hybrid types of IC. A novel TRIM27-RET fusion tran-
script between exon 3 of TRIM27 and exon 12 of RET
was detected in 2 cases with histologic and im-
munohistochemical features typical of the apocrine var-
iant of IC. Two IC cases with invasion harbored novel
fusions TUTI-ETV5 and KIAAI1217-RET, respectively.
The fusion transcripts were confirmed by RT-PCR and by
sequencing. Fluorescence in situ hybridization (FISH)
analysis using RET break-apart probe showed 2 different
patterns. One was deemed “negative” when distance cri-
teria of the break-apart probe were used according to in-
terpretation rules, even if a minor separation of signals
was seen (cases 1 to 2, 8, 15 to 19, 26, and 29). The other
pattern showed a regular break (classic positive pattern)
with separation of signals detected in 3 cases (cases 3, 28,
and 31). Confirmation using FISH TRIM27-RET fusion
probe displayed fusion signals with amplification. Local-
ization of RET, NCOA4, and TRIM27 genes to obtain an
explanation of the 2 different patterns in FISH break-
apart results is shown in the Figure 1.

A total of 42.4% of the analyzed cases harbored an
RET fusion by NGS. This was less than that in previous
reports,>® but almost one-third of our cases were found not
analyzable (NA). By RT-PCR, the fusions NCOA4-RET
and TRIM27-RET were confirmed in all NGS-positive
cases. The RET break-apart probe and the TRIM27-RET
fusion probe successfully detected rearrangement in both
cases with TRIM27-RET fusion identified by NGS. Only a
narrow separation of the FISH signals for RET rearrange-
ment was obtained, as this rearrangement contains an in-
trachromosomal inversion. Such “false”-negative FISH
results were obtained for all NCOA4-RET cases. The mo-
lecular findings are summarized in Tables 3 and 4.

Ten cases of high-grade salivary carcinomas, originally
diagnosed as SDC, were analyzed by NGS using the Fusion
Plex Solid Tumor and Comprehensive Thyroid and Lung
(CTL) kits for Illumina (ArcherDX). The analysis revealed
one case harboring an ETV6-NTRK3 fusion, and therefore it
was reclassified as a high-grade secretory carcinoma. NGS
also detected 5 likely pathogenic mutations in 5 SDC cases
(HRAS: c.182A>G p.GIn6lArg, HRAS: c37G>C p.
Glyl13Arg, AKTI: c49G> A p.Glul7Lys, PTEN c.1003C >
T p.Arg335Ter). Homozygous deletion of locus 9p21
(CDKN2A) was detected in one case harboring an HRAS
mutation. Two cases presented rearrangement of the MYB
gene, while one case was positive for PLAGI rearrangement.
MDM? amplification was found in one case harboring also a
PTEN mutation. The other SDC cases were negative for
MDM?2 amplification and showed no rearrangement in the
genes MYB, MYBLI, NFIB, NTRKI, RET, and PLAGI.
Neither NCOA4-RET nor TRIM27-RET fusions were de-
tected in any SDC cases.

Clinical and Histologic Characteristics of the
Study Group

The study series consisted of 33 ICs; 25 neoplasms were
pure intraductal in situ lesions, while 8 cases showed apparent

Copyright © 2019 Wolters Kluwer Health, Inc. All rights reserved.
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FIGURE 1. A-C, Sanger sequencing analysis of RT-PCR generated fusion transcripts NCOA4-RET (exon joining 7 to 12),
NCOA4-RET (exon joining 8 to 12), and TRIM27-RET (exon joining 3 to 12). The arrow shows the fusion position.

invasive growth, in one case with a single metastasis in a
periparotideal lymph node. The invasive carcinomas occurred
in patients ranging in age from 36 to 64 years (mean: 52.5y),
and noninvasive IC in patients ranging in age from 17 to
81 years (mean: 56y). The most common anatomic site of
involvement was the parotid gland (n=28), and there was 1
case each in the buccal mucosa, the palate, and the sub-
mandibular gland. Detailed clinical and histopathologic
findings and follow-up information of 33 patients with IC are
summarized in Table 4.

Microscopic and Immunohistochemical Features

Histologically, at low-power magnification, the ICs were
well circumscribed and encapsulated in most cases. They were
characterized by luminal epithelial proliferations with interca-
lated duct phenotype arranged mainly in multiple cystic pat-
terns, besides solid and cribriform islands in 24/33 (73%)
(Fig. 2A). Intracystic growth often formed micropapillary
structures with anastomosing epithelial tufts, with snouts,

Copyright © 2019 Wolters Kluwer Health, Inc. All rights reserved.

decapitation secretion, and apocrine features in 6/33 cases
(18%) (Fig. 2C). A hybrid intercalated duct and apocrine
growth pattern were seen in 4/33 cases (12%). Widespread or
focal invasive growth was found in 8 cases. In the cases of
invasion, we estimate that the invasive component ranged
roughly from 10 to 60% of the total tumor area. While no
peritumoral lymphovascular invasion was noted in the IC
cases, perineural invasion (Fig. 3A) and metastatic infiltration
in a periparotid lymph node were observed in 1 case (Fig. 3B).
Invasive areas revealed a compressed fibrotic stroma with
desmoplasia. Case 6 was an unusual multinodular invasive
low-grade carcinoma of the parotid gland composed of 2
distinctive growth patterns. A large part of the tumor was a
low-grade salivary epithelial-myoepithelial carcinoma with
apocrine differentiation in both the luminal epithelial and the
abluminal myoepithelial cells, and it had a broadly invasive
growth pattern. Another section of the same tumor revealed a
noninvasive IC, of the intercalated duct type, with intracystic
papillary and cribriform features.
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TABLE 3. Detailed Molecular Findings of 33 Cases of Salivary Gland Intraductal Carcinomas

RT-
FISH PCR FISH
Age Exons FISH TRIM27-RET Fusion ETVé6 RT-PCR

No. (y)/Sex Diagnosis NGS Joining RET ba Fusion Specific ba ETV6-NTRK3

1 38/M  Pure IC intercalated duct type, solid NCOA4-RET 8-12  Positive* ND Positive Negative Negative
microcystic, rich lymphoid stroma

2 47/M  Pure IC intercalated duct type, solid NCOA4-RET 7-12  Positive* ND Positive Negative Negative
multicystic

3 54/M  IC with apocrine features, TRIM27-RET 3-12  Positive Positive Positive Negative Negative
micropapillary, invasive

4 50/M  Pure IC intercalated duct type, solid NA — NA ND Negative Negative Negative
multicystic

5 58/M  Pure IC hybrid intercalated duct and NA — NA ND ND NA Negative
apocrine type, solid microcystic,
papillary

6 81/M  Pure IC intercalated duct type, “roman NA —  Negative ND Negative Negative Negative
bridges”

Invasive component of epithelial-

myoepithelial ca

7 50/F  Pure IC intercalated duct type, unicystic Negative —  Negative ND ND  Negative Negative

8 74/M  Pure IC intercalated duct type, papillary, NCOA4-RET 8-12  Positive* ND Positive Negative Negative
multicystic

9 36/F  Pure IC intercalated duct type, few Negative —  Negative ND ND  Negative Negative
apocrine cells

10 53/F  IC intercalated duct type, stromal Negative —  Negative ND ND  Negative Negative
invasion, perineural invasion

11 75/F  1IC with apocrine features, papillary, thick Negative —  Negative ND ND  Negative Negative
fibrous capsule

12 69/M  IC with apocrine features, unicystic Negative — ND ND ND ND Negative

13 42/F  Pure IC intercalated duct type. unicystic Negative — ND ND ND  Negative Negative

14 75/F  Pure IC intercalated duct type, solid, Negative —  Negative ND Negative Negative Negative
microcystic

15 61/F  Pure IC intercalated duct type, solid, NCOA4-RET 7-12 Positive* ND Positive NA Negative
microcystic

16  36/M Pure IC intercalated duct type, solid, NCOA4-RET 8-12  Positive* ND Positive ND ND
microcystic

17 50/M  IC with widespread apocrine features, and NCOA4-RET 8-12  Positive* Positive Positive ND ND
hybrid intercalated duct pattern

18 36/M  IC intercalated duct pattern with NCOA4-RET 8-12  Positive* ND Positive Negative ND
widespread stromal invasion,
periparotideal lymph node metastasis

19  48/M IC intercalated duct type, solid NCOA4-RET 8-12 ND ND ND ND ND
microcystic

20 54/M  Pure IC with apocrine features Negative — ND ND ND ND ND

21 51/M  Pure IC with widespread apocrine Negative — ND ND ND ND ND
features, and hybrid intercalated duct
pattern

22 71/F  Pure IC intercalated duct type, solid Negative — ND ND ND ND ND
microcystic

23 64/M  Pure IC intercalated duct type NA — ND ND ND ND ND

24 70/M  Pure IC intercalated duct type NA — ND ND ND ND ND

25 17/M  IC intercalated duct type. solid. NA — ND ND ND ND ND
microcystic

26 55/F  IC intercalated duct type, solid, NCOA4-RET 7-12 ND ND ND ND ND
macrocystic, focally invasive

27 59/M  IC intercalated duct type, solid, NA — ND ND ND ND ND
macrocystic, focally invasive

28 66/M  IC, apocrine variant, intracystic papillary TRIM27-RET 3-12  Positive Positive Positive ND ND
and micropapillary structures
predominate, focal intercalated duct
type of growth with solid pattern, no
invasive growth

29 52/M  IC, predominantly in situ intercalated NCOA4-RET 7-12 ND ND Positive ND ND
duct variant, focally invasive

30 64/M  IC, intercalated duct variant, focally TUTI-ETVS 7-8 ND ND NA ND ND

invasive
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TABLE 3. (continued)

RT-
FISH PCR FISH
Age Exons FISH TRIM27-RET Fusion ETV6 RT-PCR

No. (y)/Sex Diagnosis NGS Joining RET ba Fusion Specific ba ETV6-NTRK3
31 47/F  IC, hybrid intercalated duct structures KIAAI1217-RET  14-9  Positive ND Positive ND ND

predominate. apocrine features, focally

invasive
32 70/F  IC, intercalated duct variant Negative — ND ND ND ND ND
33 48/F  IC, intercalated duct variant NCOA4-RET 7-12 ND ND Positive ND ND

Cases 1 to 17 were published in Skalova et al.®

*Cases showed an RET FISH signal pattern indicative of an inversionfrearrangement (in one allele a gap between orange and green signals was observed; hovewer, this

gap did not reach internal cutoff ( > 2 signal diameters apart).
F indicates female; M, male; NA, not analyzable; ND, not done.

On high-power magnification, all cases showed bland
cytologic features, with tumor cells ranging from small to
medium size. They had indistinct cell borders and round or
ovoid nuclei with dark condensed or finely dispersed chro-
matin and large pale to eosinophilic cytoplasm. None of the
cases in this study had an oncocytic morphology, although an
oncocytic variant has been described in the literature.!> Mi-
toses were inconspicuous. In all 8 IC cases with invasive
growth, we have seen compressed sclerotic fibrosis repre-
senting apparent desmoplastic reaction around the invasive
foci of the tumors (Fig. 3C). These invasive ICs did not have
higher MIBI indices. Proliferative activity in ICs was
generally low, with a mean MIBI index <5% (ranging from
1% to 10%). No difference was seen between invasive and
noninvasive ICs.

The tumor islands of IC were surrounded by a layer of
myoepithelial cells, as evidenced by the immunohistochemical
expression of p63, calponin, and/or CK 14 (all of which were
negative in luminal epithelial tumor cells) in a continuous
abluminal pattern in 14/33 cases (43%) (Fig. 2B). A partly
discontinuous immunostaining for p63 was seen in most cases
(Fig. 3D). All IC cases assessed as completely intraductal
were examined in total and stained with antibodies to
calponin and p63/p40. Thus, hematoxylin and eosin-based
information was verified by continuous immunostains corre-
sponding to intact myoepithelial cell layers. In ICs with
apocrine and mixed hybrid growth patterns (10/33 cases;
30%), most tumor cells were positive for nuclear AR
(Fig. 2D). Diffuse and strong coexpression of S100 protein,
mammaglobin, and SOX10 was detected in 24/33 cases
(73%). Pure apocrine ICs were positive for AR and negative
for S100 protein/SOX10 and mammaglobin in 4 cases, while,
in one case, AR was strongly expressed together with S100
protein/SOX10 and mammaglobin.

DISCUSSION
The term “intraductal carcinoma” of the salivary gland
was first introduced in 1983 by Chen' in a description of a
single case arising in the minor salivary gland of the oral
cavity. Subsequently, several case reports and small series
of the same tumor entity were published with various names,

including “low-grade salivary duct carcinoma”>® and

“low-grade cribriform cystadenocarcinoma.” The latter des-
ignation was introduced by the editors of the 2005 WHO
Classification of Head and Neck Tumours, although this
term had never appeared in the literature before that point.®
This term referred to cystic and solid structures formed by
intraductal epithelial proliferation of cells resembling inter-
calated duct cells and structures reminiscent of atypical ductal
hyperplasia and ductal carcinoma in situ of the breast. In the
2017 WHO Classification of Head and Neck Tumours, this
tumor is regarded as an IC.' IC has been surrounded by
controversy since its description not only because of variable
terminologies but primarily because of the uncertain rela-
tionship to salivary duct carcinoma.>*®!! In typical cases, IC
is a noninvasive low-grade carcinoma composed of bland
neoplastic cells positive for S100 protein, in sharp contrast to
those features seen in SDC. SDC is defined by the 2017 WHO
classification as an aggressive epithelial malignancy resem-
bling high-grade mammary ductal carcinoma. It is composed
of pleomorphic S100 protein-negative and AR-positive neo-
plastic cells.!® Therefore, these 2 lesions are generally accepted
as distinct and separate entities. !> However, the literature
describes occasional well-documented low-grade ICs with
widespread invasive growth.2336 Even more confusing are
rare cases of true high-grade SDC reported as purely “in situ
lesions.”!! Moreover, IC cases with hybrid intercalated duct
and apocrine features ™ oncocytic features,!S and pure
apocrine features with diffuse AR-positive and S100 protein/
mammaglobin and/or SOX10-negative immunoprofile**
have been described.

In recent years, many salivary gland low-grade
carcinomas have been found to demonstrate characteristic
tumor type-specific chromosomal rearrangements, such as
ETV6-NTRK3 and ETV6-RET, in secretory carcinoma (also
known as mammary analogue secretory carcinoma),'’!8
EWSRI-ATFI and EWSRI-CREM in hyalinizing clear cell
carcinoma of minor salivary glands,'®? CRTCI-MAML2
and CRTC3-MAML2 in mucoepidermoid carcinoma,”!
ARIDIA-PRKDI and variant PRKDI, PRKD2, and
PRKD3 fusions in cribriform adenocarcinoma of minor
salivary glands and PRKDI somatic mutations in poly-
morphous adenocarcinoma,”>* and HTN3-MSANTD3 in
a subset of acinic cell carcinoma of the salivary gland.?® The
growing list of gene fusion—positive salivary carcinomas
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TABLE 4. Clinicopathologic and Molecular Findings in 33 Intraductal Carcinoma Cases

Case No. Age (y)/Sex Site Size (cm) NGS (Archer) FISH RT-PCR Outcome (mo)
1 38/M PA 4.0x1.7x1.4 NCOA4-RET RET+* NCOA4-RET+ 28 NED
ETV6- ETV6-NTRK3—
2 47M PA 1.4 NCOA4-RET RET+* NCOA4-RET+ 44 NED
ETV6- ETV6-NTRK3-
3 54/M PA 2.2x1.2x0.9 TRIM27-RET RET+1 TRIM27-RET+ 16 NED
ETV6- ETV6-NTRK3-
4 50/M PA 1. NA ETV6— ETV6-NTRK3— 65 NED
5 58/M PA 1.5%1.0%0.9 NA NA ETV6-NTRK3— 152 NED
6 81/M PA — NA ETV6— ETV6-NTRK3— NAv
7 S0/F PA 15 No fusion ETV6— ETV6-NTRK3— 80 NED
8 74/M PA L5 NCOA4-RET RET+* NCOA4-RET+ 70 NED
ETV6— ETV6-NTRK3—
9 36/F Buccal mucosa 0.6 No fusion ETV6— ETV6-NTRK3— 188 NED
10 S53/F PA 2.0%1.0x1.0 No fusion ETV6— ETV6-NTRK3— 188 NED
11 75/F PA 4.6%x4.0x1.7 No fusion ETV6- ETV6-NTRK3— 80 NED
12 69/M PA 0.9 No fusion ND ETV6-NTRK3— 68 NED
13 42/F PA 0.7 No fusion ETV6- ETV6-NTRK3- 68 NED
14 T5IF Hard palate — No fusion MAML2- ETV6-NTRK3— NAv
CRTC3-MAML2—-
CTRCI-MAML2-
15 61/F PA 1.5%1.0x1.4 NCOA4-RET ND ETV6-NTRK3— 16 NED
16 36/M PA 1.0%0.7x0.7 NCOA4-RET RET+* ETV6-NTRK3- 16 NED
ETV6— NA
17 50/M PA 2.6 NCOA4-RET RET+* NCOA4-RET+ 20 NED
18 36/M PA 5x4x4 NCOA4-RET RET+* NCOA4-RET+ RT proton; 8 NED
NTRK3-
ETV6—
19 48/M PA — NCOA4-RET ND ND 12 NED
20 54/M PA 1.5%8x0.5 No fusion ND ND NAv
21 S1/M PA 2 No fusion ND ND NAv
22 TI/F PA 1.8 No fusion ND ND NAv
23 64/M Subm - NA ND ND NAv
24 70/M PA L5 NA ND ND NAv
25 17/M PA 1.0 NA ND ND 96 NED
26 55/F PA 1.5 NCOA4-RET ND ND 48NED
27 59/M PA 12 ND ND 60 NED
28 66/M PA — TRIM27-RET TRIM27+ TRIM27-RET+ NAv
RET+7}
29 52/IM PA 2.8 NCOA4-RET ETVe— NCOA4-RET+ NAv
RET+*
30 64/M PA 1.9 TUTI-ETVS ND NA NAv
31 47/F PA 1.0 KIAAI217-RET ETV6— KIAAI2]I7-RET+ NAv
RET+t
32 70/F PA 2.5 No fusion ND ND NAv
33 48/F PA 24 NCOA4-RET ND NCOA4-RET+ NAv

*Cases showed an RET FISH signal pattern indicative of an inversion/rearrangement.

FCases 3, 28, and 31 showed a classic break-apart signal pattern.

F indicates female; M. male; NA, not anlyzable; NAv, not available; ND, not done; NED, no evidence of disease; PA, parotid gland; RT proton, radiotherapy in

proton center; subm, submandibular gland.

includes IC with an NCOA4-RET fusion reported recently.>®
In addition, we have described a subset of IC with apocrine
morphology harboring a novel TRIM27-RET fusion.® Inter-
estingly, one study using RNA sequencing has revealed
NCOA4-RET fusions in 2 cases of salivary gland neogylasms
classified as SDC on the basis of expression of AR.!? Both
NCOA4-RET translocated neoplasms progressed in spite of
undergoing concurrent chemoradiation, combination che-
motherapy, and dual androgen deprivation therapy. Both
patients, however, benefited from RET-targeted therapy.'?
This would be a challenging finding, but the neoplasm de-
scribed as NCOA4-RET-translocated SDC, and depicted in
their Figure 3B is morphologically not compatible with
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SDC.!3 No reference to SOXI0, mammaglobin, or S100
protein was made, while their Figure 3B shows only focal
AR staining. Therefore, it is not clear whether these
RET-translocated neoplasms are true SDCs.'3 It is the
opinion of the authors that they most likely represented a
hybrid apocrine/intercalated variant of IC.

None of the above-cited gene fusions were docu-
mented in SDC cases of the previous study® or in this
current series. In view of the tumor type-specific re-
arrangements described in salivary neoplasms so far, it is
not likely that multiple separate salivary tumor types
would have the same NCOA4-RET and RET rearrange-
ments. Thus, NCOA4-RET and TRIM27-RET gene
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FIGURE 2. IC, intercalated duct variant (A, B), and apocrine variant (C, D). IC is characterized by luminal epithelial proliferations,
with intercalated duct phenotype arranged in multiple cystic patterns (A), with the intact myoepithelial abluminal layer decorated
by p63 protein in immunohistochemical staining (B). An apocrine variant of IC shows intracystic papillary structures composed of
tumor cells exhibiting abundant eosinophilic cytoplasm with apical snouts of decapitation secretion (C) and androgen receptors in

immunohistochemical staining (D).

fusions appear to present a rather specific marker of the
intercalated duct and apocrine variants of IC, respectively,
including cases of widely invasive and metastasizing neo-
plasms. Therefore, the 2017 WHO Classification term
“intraductal carcinoma” is confusing and should be re-
placed by a more appropriate and accurate one. We pro-
pose the designation “intercalated duct carcinoma,
noninvasive (or invasive)” for neoplasms formed by in-
traductal epithelial proliferation composed of cells re-
sembling intercalated duct cells with an S100 protein/
SOX10 and mammaglobin-positive and AR-negative im-
munoprofile, and an intact or focally disrupted abluminal
myoepithelial cell layer. Thus, the intercalated duct car-
cinoma represents a line of differentiation toward inter-
calated duct features, but, in some cases, ICs may show
oncocytic,? apocrine, or clear cell features. The neo-
plasms characterized by apocrine morphology, and an
AR-positive and S100 protein/SOX10-negative im-
munoprofile harboring the TRIM27-RET gene fusion,
should be designated “intercalated duct carcinoma, with
apocrine features.” Interestingly, we observed one case
of pure intercalated duct IC associated with invasive
low-grade epithelial-myoepithelial carcinoma (EMCa).

Copyright © 2019 Wolters Kluwer Health, Inc. All rights reserved.

Fittingly, EMCa also recapitulates the intercalated duct
phenotype,”®?” and has been suggested to differentiate in
that direction. Moreover, the reported observation of
background intercalated duct hyperplasia in some cases of
EMCa suggests the possibility of an intercalated duct
precursor lesion, 282

In contrast to IC, the well-established term “salivary
duct carcinoma” should be reserved for widely invasive
high-grade malignancies and should be classified accord-
ing to previously reported criteria.'* SDCs have shown a
number of genomic alterations including HER2-neu gene
amplification, and hotspot PIK3CA and HRAS mutations
and many others, not present in ICs,!6-30-32

A novel finding in our series was a case of widely
invasive intercalated duct-type IC, with a single lymph node
metastasis that revealed an NCOA4-RET fusion transcript.
Two IC cases with invasive growth harbored novel fusions
TUTI-ETV5 and KIAAI217-RET, respectively, Finally,
NCOA4-RET and TRIM27-RET, TUTI-ETVS, and
KIAAI1217-RET were not detected by NGS in any of the 10
SDCs studied as a comparison group. The molecular dis-
tinction reported herein between I1C and SDC supports the
idea that they represent separate malignant salivary tumor
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periparotideal lymph node (B, C). The discontinuous myoepithelial layer is seen in immunohistochemical staining with p63
antibody (D).

entities, and should be considered separately in future clas-
sifications.

In summary, recurrent rearrangements involving the
RET gene were identified in a subset of invasive and
metastasizing IC, with intercalated duct and apocrine
variants resulting in NCOA4-RET and TRIM27-RET
fusions, respectively. Patients with locally invasive, ad-
vanced, and metastatic RET7-rearranged tumors could
benefit from targeted therapy using RET-inhibitors.33-3¢
However, the presence of oncogenic rearrangements can-
not be predicted reliably by tumor morphology only.
Therefore, we propose that salivary gland cancers should
be tested in a screening program for targetable RET al-
terations, if available. Finally, our study indicates that ICs
can also manifest significant invasive growth, and, con-
sequently, a designation of these tumors as ICs seems in-
appropriate by conventional histopathologic rules. The
authors suggest that IC should be redesignated as inter-
calated duct carcinoma, noninvasive or invasive.
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1.11.3 IMUNOHISTOCHEMICKA A GENETICKA ANALYZA RESPIRACNICH
EPITELIALNICH ADENOMATOIDNICH HAMARTOMU A
SEROMUCINOZNICH HAMARTOMU: JEDNA SE O PREKURZOROVE
LEZE SINONAZALNICH LOW-GRADE TUBULOPAPILARNICH
ADENOKARCINOMU?

Respiracni epitelidlni adenomatoidni hamartomy (REAH) a seromucin6zni hamartomy
(SH) jsou nadortim podobné léze nachazejici se v dutiné nosni, paranazalnich sinusech a
v nazofaryngu (82, 83). Patogeneze REAH a SH je stéle nejista. Jsou davany do souvislosti s
neoplastickou proliferaci, mechanickym drazdénim, zanétem ¢i piipadné poruchou migrace
tkan¢ v pribéhu embryonalniho vyvoje. Low-grade tubulopapilarni adenokarcinomy (LGTA)
patii do skupiny non-salivarnich a non-intestindlnich sinonazalnich adenokarcinomtl.

Cilem studie bylo prokédzat vztah REAH/SH s LGTA ve smyslu REAH/SH jako
mozného prekurzoru vzniku LGTA. Dale byla provedena molekularné geneticka studie REAH
a SH.

Celkem jsme vysetfili 10 pfipadd REAH a SH imunohistochemicky (IHC) (MUCI1,
MUC2, MUC4, MUCSAC, MUC6, CK7, CK20, CDX2, SATB2, S100 protein, p63 a SOX10)
a molekularné¢ geneticky (metoda NGS, analyza klonality metodou HUMARA).
Imunohistochemické hodnoceni probehlo zvlast pro komponenty serézni, mucindézni a
respiracni. Ziskané tidaje byly porovnany s IHC daty 9 pripadit LGTA vySetfenych stejnymi
markery.

Ser6zni komponenta REAH/SH byla pozitivni s markery CK7 (10/10), SOX10 (9/10),
MUCI1 (8/10) a S100 proteinem (7/10), slaba a fokalni pozitivita byla zjisténa s MUC4 (5/10)
a p63 (1/10). Respiracni komponenta REAH/SH byla pozitivni s MUC1 (10/10) MUC4
(10/10), MUCSAC (10/10) a p63 (9/10). Mensi mnozstvi ptipadi vykazovalo pozitivitu s CK7
(3/10). Zejména S100 protein a SOX10 zvyraznily tzv. puceni serdznich acinil ze stran zahybt
respiracniho epitelu do stromatu. IHC profil LGTA zahrnoval nasledujici pozitivni markery:
CK7 (9/9), MUC4 (8/9), SOX10 (7/9), MUCI1 (5/9), S100 (5/9), SATB2 (2/9), a MUCSAC
(1/9). Shrneme-li THC vysledky, dostaneme zavér, Ze serdézni komponenta REAH/SH
exprimuje markery CK7, MUCI1 a SOX10 shodné s LGTA.

Molekularné geneticky jsme v 1 ptipadé SH metodou NGS zastihli EGFR-ZNF267
genovou fuzi a v 1 pfipadé SH byla potvrzena klonalita za pouziti HUMARA eseje.

REAH a SH jsou sice klasifikovany jako samostatné jednotky, z naSeho pohledu vSak
predstavuji morfologicky a imunohistochemicky se prolinajici spektrum jedné l1éze, ktera mtze
byt potencidlnimi prekurzorem malignich nadorovych onemocnéni.
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Summary Respiratory epithelial adenomatoid hamartoma (REAH) and seromucinous hamartoma (SH) are rare
tumor-like lesions of the nasal cavity, paranasal sinuses, and nasopharynx. The pathogenesis of REAH/SH is
still unclear. Neoplastic proliferation, chronic mechanical irritation, inflammation, or possible embryological
tissue misplacement are speculated as possible mechanisms of their development. Low-grade tubulopapillary
adenocarcinoma (LGTA) is a rare variant of nonsalivary, nonintestinal type sinonasal adenocarcinoma. The
aim of this study was to evaluate the immunohistochemical and genetic profiles of 10 cases of REAH/SH, with

:(-ienoca:;n?or?a; serous, mucinous, and respiratory components evaluated separately and to compare these findings with the fea-
Nmoall'msa .;ac ’ tures of 9 cases of LGTA. All cases of REAH/SH and LGTA were analyzed immunohistochemically with a
asal cavity

cocktail of mucin antigens (MUC1, MUC2, MUC4, MUC5AC, MUC6) and with epithelial (CK7, CK20,
CDX2, SATB2) and myoepithelial markers (S100 protein, p63, SOX10). The next-generation sequencing as-
say was performed using FusionPlex Solid Tumor Kit (ArcherDx) in 10 cases of REAH/SH, and the EGFR-
ZNF267 gene fusion was detected in 1 of them. Two female REAH/SH cases were assessed for the presence
of clonality. Using the human androgen receptor assay, 1 case was proved to be clonal. The serous compo-

nent of REAH/SH was positive for CK7/MUC1 and SOX10 similarly to LGTA. Although REAH/SH and
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LGTA are histopathologically and clinically separate entities, the overlap in their morphological and immuno-
histochemical profiles suggests that REAH/SH might be a precursor lesion of LGTA.
© 2019 Elsevier Inc. All rights reserved.

1. Introduction

The sinonasal tract comprises a broad spectrum of reactive
and neoplastic lesions [1-3], the classification of which, espe-
cially in small biopsy samples with a limited amount of tissue
material, can be challenging. Most of the specimens are cate-
gorized as recurrent inflammatory polyps in patients with
chronic hyperplastic rhinitis, followed by squamous papillo-
mas and squamous cell carcinomas. In contrast, the lesions,
such as hamartomas, Schneiderian papillomas, and various
types of adenocarcinomas, are uncommon.

Respiratory epithelial adenomatoid hamartoma (REAH)
and seromucinous hamartoma (SH) are rare lesions arising in
the sinonasal tract. REAH was described for the first time by
Wenig and Heffner in 1995 [4], whereas SH was initially de-
scribed as a case report by Baillie and Batsakis in 1974 [5]
and later in a small series by Weinreb at el [6]. Sinonasal
hamartomas may present in early life with symptoms of the
airway obstruction, or they may be asymptomatic and discov-
ered later in adulthood.

Sinonasal adenocarcinomas (SNACs) are classified as either
salivary or nonsalivary adenocarcinomas. Nonsalivary type ad-
enocarcinomas encompass a wide spectrum of intestinal-type
adenocarcinoma (ITAC) and non-intestinal-type adenocarci-
noma (non-ITAC), of both low-grade (LG) and high-grade
(HG) morphologies [1,3,7]. Whereas ITACs occur mostly in
men and represent aggressive HG malignancies, LG non-
ITACs have an excellent prognosis and no sex predilection.
Low-grade tubulopapillary adenocarcinoma (LGTA) has been
recognized as a distinctive variant of LG-SNACs. It is, charac-
terized by variable morphologic features, including resem-
blance to the serous glandular component of SH [3,8-12].

Although REAH and SH are considered different entities,
cases presenting histologic features of both REAH and SH
have been reported, suggesting they both might be within a
spectrum of the same lesion [6]. In recent studies, Ozolek
and Hunt demonstrated alterations in tumor suppressor genes
with intermediate fractional allelic loss in REAH compared
to low rate in chronic sinusitis and high rate in sinonasal ade-
nocarcinomas [13]. Jo et al described possible association of
REAH with nonintestinal sinonasal adenocarcinomas in 6/29
cases [14]. Another study by Ambrosini-Spaltro et al showed
mitochondrial DNA mutation rate in 5 SH cases [15].

Therefore, there is a growing body of evidence that, rather
than hamartomas, REAH/SH may represent a benign neo-
plasm and carry a potential to become a precursor lesion of
LGTA. To support this hypothesis, we have analyzed sinona-
sal REAH/SH and LGTA cases immunohistochemically and
by molecular genetic methods.

2. Materials and methods

Five cases of REAHS, 5 cases of SHs, and 9 cases of LGTAs
(n = 9) were retrieved from the consultation files of the au-
thors. The appropriate ethics committee approved this study.

2.1. Histology and immunohistochemistry

For conventional microscopy, tissues were fixed in forma-
lin, routinely processed, embedded in paraffin, cut, and stained
with hematoxylin and eosin.

For immunohistochemistry, 2-um-thick sections were cut
from paraffin blocks and mounted on positively charged slides
(TOMO, Matsunami Glass IND, Osaka, Japan). Sections were
processed on a BenchMark ULTRA (Ventana Medical Sys-
tems, Tucson, AZ), deparaffinized, and subjected to heat-
induced epitope retrieval by immersion in a CC1 solution
(pH 8.6) at 95°C. The primary antibodies used in this study
are summarized in Table 1. Visualization was performed using
the ultraView Universal DAB Detection Kit (Roche, Arizona,
USA) and ultraView Universal Alkaline Phosphatase Red De-
tection Kit (Roche). The slides were counterstained with Mayer
hematoxylin. Appropriate positive and negative controls were used.

The WHO classification criteria for distinguishing REAH
and/or SH from LGTA were used by 4 skilled head and neck
pathologists (A. S.,J. L., I. L., M. M.) [16]. REAHs presented
as polypoid structures with respiratory epithelial buddings,
with or without small amount of seromucinous glands. SHs

Table 1 Antibodies used for the immunohistochemical study
Antibody Clone Dilution Antigen Source
retrieval/time
CK7 OV-TL 12/ 1:200 CCl1/36 min  Dako
30 Cytomation
CK20 Ks20.8 1:100  CC1/36 min ~ Dako
Cytomation
CDX2 EPR2764Y RTU CCl1/64 min  Cell Marque
SATB2 polyclonal 1:100 CC2/68 min  Sigma
Aldrich
MUC1 H23 RTU CC1/64 min  Ventana
MuC2 MRQ-18 RTU CC1/64 min Cell Marque
MUC4 8G7 1:200  CC1/36 min  Santa Cruz
MUCSAC MRQ-19 RTU CC1/36 min Cell Marque
MUC6 MRQ-20 RTU  CCI1/36 min  Cell Marque
§-100 polyclonal RTU CC1/20 min ~ Ventana
protein
SOX 10 polyclonal 1:100  CC1/64 min  Cell Marque
P63 4A4 RTU CC1/64 min  Ventana

Abbreviations: CC1, EDTA buffer (pH 8.6); RTU, ready to use.
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were also bland-looking polypoid tumors composed of sero-
mucinous glands with the predominance of serous component,
occasionally admixed with lymphoplasmocytic infiltration and
basal membrane thickening. No mitoses, invasion, or atypia
was presented in both REAH and SH.

The morphological features of studied LGTAs are consis-
tent with neoplasms described earlier by Skalova et al [9].

2.2. Molecular genetic study
2.2.1. FusionPlex Solid Tumor Kit (AST) (ArcherDx)

FusionPlex Solid Tumor Kit (ArcherDX Inc., Boulder, CO)
was used to construct cDNA library for the detection of fusion
transcripts in 53 genes (Supplementary file: list of genes). All steps
were performed according to the manufacturer's protocol (version
LAI135.F of the protocol, San Diego-USA), and the library was
sequenced on an Illumina platform as described previously [17].

2.2.2. Detection of EGFR-ZNF267 fusion transcript by
polymerase chain reaction and reverse-transcription
polymerase chain reaction

RNA was extracted using the RecoverAll Total Nucleic Acid Iso-
lation Kit (Ambion, Austin, TX). cDNA was synthesized using the
Transcriptor First Strand cDNA Synthesis Kit (RNA input 500 ng;
Roche Diagnostics, Mannheim, Germany). All procedures
were performed according to the manufacturer's protocols.

Two microliters of cDNA or 50 ng of total NA was added
to the reaction that consisted of 12.5 uL of HotStar Tag PCR
Master Mix (QIAgen, Hilden, Germany), 10 pmol of each
custom-designed primer in several combinations (Table 1),
and distilled water up to 25 uL. The amplification program
comprised denaturation at 95°C for 14 minutes and then
45 cycles of denaturation at 95°C for 1 minute, annealing at
60°C for 1 minute, and extension at 72°C for 1 minute. The
program was finished by incubation at 72°C for 7 minutes.
Successfully amplified polymerase chain reaction (PCR) products
were purified with magnetic particles Agencourt AMPure (Agen-
court Bioscience Corporation, A Beckman Coulter Company,
Beverly, MA, USA). Products were then bidirectionally sequenced
using Big Dye Terminator Sequencing kit (Applied Biosystems,
Foster City, CA, USA), purified with magnetic particles Agencourt
CleanSEQ (Agencourt Bioscience Corporation), all according to
manufacturer's protocol, and run on an automated sequencer ABT
Prism 3130xI (Applied Biosystems, Foster City, CA, USA) at a
constant voltage of 13.2 kV for 11 minutes.

Despite successful product amplification, subsequent
sequencing was not successful.

2.2.3. Detection of X chromosome methylation status in
the human androgen receptor locus

Clonality analysis using the testing of X chromosome
methylation status in the human androgen receptor
(HUMARA) locus began by the cleavage of DNA using the
methylation-sensitive restriction enzymes (Hhal and Hpall).

This was followed by PCR of cleaved and uncleaved DNA
which amplifies small tandem repeats HUMARA. A set of

primers labeled with fluorescent substance 6-FAM was used.
PCR products were then separated using an automatic se-
quencer ABI Prism 3130 XL. Fragmentation analysis com-
pared the pattern of cleaved and uncleaved samples.

3. Results
3.1. Clinical findings

We collected a series of 10 REAH/SH cases, all of which
were from the nasal cavity (Table 2). All REAHs/SHs were
polypoid lesions. Five cases were classified as REAH; 2 of
them were combined with areas of inflammatory nasal polyp
structures. The other 5 cases were SH; 1 case was associated
with chronic hyperplastic rhinitis.

Eight of 10 patients were males and 2 were females. There
was no age predilection, with the age ranging between 11 and
76 years (mean 49.5). The age of males and females ranged
between 11 and 69 years and between 23 and 76 years
respectively, with an identical mean value of 49.5 years in
both groups.

Nine LGTA cases of the sinonasal mucosa and the epiphar-
ynx were studied (Table 2). There was a female predilection—
female to male ratio was 2:1. The patients ranged in age from
541091 (mean 69.4) years. The size of the lesions varied from
6 to 70 (mean 69.4) mm. The presenting symptoms included
nasal obstruction and chronic hyperplastic rhinitis. Four cases
were localized in the nasal cavity, and 1 case each in the epi-
pharynx, paranasal sinus, and the left tonsil. Case 6 showed
an aggressive behavior with destruction of the maxilla, and
the frontal and ethmoidal sinuses and with invasive growth
into the orbit. The tumor in case 7 invaded the palate. Case 9
had to be reexcised 1 month after the first surgical treatment.

3.2. Histological findings

Histologically, REAH cases were characterized by
invaginated slit-like spaces lined by respiratory epithelium, which
in some fields was detached from the surface, creating small- to
medium-sized glands. They were composed of multilayered cili-
ated respiratory epithelium with numerous mucin-producing gob-
let cells. The glandular structures were surrounded by a thickened
basement membrane (Fig. 1 A). Occasional budding of the se-
rous eosinophilic component from the side of a respiratory in-
vagination was seen (Fig. 1B). Cases of SH additionally
contained small to large seromucinous acini and ducts lined
by a single layer of flattened cuboidal epithelial cells with eo-
sinophilic cytoplasm, sometimes containing luminal secretory
material. Entrapped respiratory epithelium similar to REAH
was also present in some areas (Fig. 1C). One case of SH
was associated with areas of chronic mucosal inflammation,
stromal edema, and thickening of the surface epithelial base-
ment membrane (Fig. 1D).

All LGTAs were composed of an admixture of uniform
small glandular and tubular structures, lined by cuboidal or
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Table 2  Clinical information

No. Sex Age Site Size  Symptoms Diagnosis
(mm)
REAH
1 M 60 Nasal cavity 18 NA SH
2 M 56 Nasal cavity 21 NA REAH
3 M 63 Nasal cavity 22 NA REAH in inflammatory nasal polyp
4 M 69 Nasal cavity 20 NA REAH in inflammatory nasal polyp
5 M 46 Nasal cavity 14 NA REAH
6 M 11 Nasal cavity 8 NA SH
7 F 23 Nasal cavity 18 Chronic hyperplastic rhinitis SH with hyperplastic polyp
8 M 30 Nasal cavity 23 NA SH
9 F 76 Nasal cavity 20 NA REAH
10 M 61 Nasal cavity 40 NA SH
LGTA
1 M 70 Nasal cavity 25 Nasal obstruction, chronic hyperplastic rhinitis for 5y, LGTA first diagnosed in 1995,
watery secretion from the left nasal cavity, repeated recurred in 1996, 2003
excision of nasal polyps
2 F 76 Nasal cavity 15 Nasal cavity expansion LGTA
3 F 54 Nasal cavity 25 Nasal obstruction LGTA
4 F 86 Nasopharynx 10 Symptoms for several months LGTA
5 F 58 Nasal cavity 21 Nasal obstruction for 2 y LGTA
6 F 91 Paranasal sinuses 70 Destruction of sinus maxillaris, ethmoidalis and LGTA
frontalis, partially invading the orbit
7 M 74 Lefttonsil 30 Palate invasion LGTA
8 M 72 Nasal cavity 22 Recurrent polyps in nose and sinuses LGTA
9 F 44 Anteriorpartofthe 6 Recurrent nasal inflammation LGTA
ethmoid sinus

Abbreviation: NA, not available.

Fig. 1 A, Respiratory epithelial adenomatoid hamartoma is composed of invaginated respiratory epithelium which occasionally detaches from
the surface, creating medium-sized glands with multilayered ciliated respiratory epithelium. Occasionally, mucus production may be seen. The
glands are surrounded by a thickened basement membrane. B, The eosinophilic serous glands are sprouting from the invaginations of the respi-
ratory epithelium. C, Seromucinous hamartoma with focal respiratory epithelium entrapments, The predominant components are small to large
seromucinous acini and tubules, lined by single-layered epithelium, sometimes with eosinophilic secretory material within the lumen. D, Seromu-
cinous hamartoma admixed with structures of hyperplastic polyp and with chronic lymphoplasmacytic infiltrate. There is also a thickening of the
basement membrane and stromal edema.
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Fig. 2

A-C, Clonality (HUMARA) positive seromucinous hamartoma (case 7) is a fragmented polypoid lesion 18 mm in the largest diameter

(A), composed of seromucinous acini (B) with chronic inflammation and thickening of the epithelial basement membrane (C). D-E, EGFR-
ZNF267-rearranged seromucinous hamartoma (case 10) was a polypoid lesion measuring 40 mm in the largest diameter (D). It consisted of ser-
omucinous glands with occasionally entrapped respiratory epithelial glands (E) and luminal secretory material (F). Glands are focally irregular with
intraluminal snouts and spikes of cells and haphazard luminal cell layer stratification with partial loss of the outer myoepithelial layer. F, The larger
the gland, the greater structural and occasionally also cytological abnormalities are seen. E and F, The stroma is dense and compact.

columnar epithelium (Fig. 2A). These areas alternated with a
papillary growth pattern, composed of haphazardly branching
fibrovascular micropapillae covered by bland looking epithe-
lial cells (Fig. 2B). The neoplastic glands were arranged back
to back, and there was no or little intervening stroma. Occa-
sional tiny microcysts or intraepithelial mucin vacuoles were
also seen (Fig. 2C and E). Four cases of LGTA had overlap-
ping morphological features with REAH/SH despite fragmen-
tation of tissues in most of them (Fig. 2C-F). Case 9 had to be
reexcised. The reexcised specimen histologically showed an
admixture of LGTA and REAH structures, with the latter be-
ing the dominant component. None of the cases showed squa-
moid morules [18].

Table 3  The immunohistochemical results of REAH/SH

3.3. Immunchistochemical findings

The immunohistochemical findings of 10 cases of REAH/
SH and 9 cases of LGTA are summarized in Tables 3 and 4,
respectively.

The serous component of REAH/SH was positive for
CK7 (10/10), SOX10 (9/10), MUC1 (8/10), and S100 (7/
10), and weakly and focally positive for MUC4 (5/10) and
p63 (1/10). The respiratory component of REAH/SH was
positive for MUCI (10/10), MUC4 (10/10), and MUCSAC
(10/10), and showed scattered reactivity with CK7 (3/10)
and p63 (9/10). This immunostaining was focally and irregu-
larly confined only to the abluminal myoepithelial layer of
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Abbreviations: F, focal; M, mucinous component; R, respiratory component; S, serous component; W, weak.
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Table 4 The immunohistochemical results of LGTA

No CK20 CK7 CDX2 SATB2 MUC1 MucC2 MUC4 MUCSAC MUC6 S100 SOX10 p63
1 - + - - + - +F - - + + -

2 - + - - - - +F - - - + -

3 = F = = 5 = +F = - + + -

4 - + - + +F - + +F - - - -

S} - + - - - - + - - - + -

6 = + = = a5 = +F - - - - -

7 - + - - - - +F - - + + -

8 = = = = 5 = = = - + + -
9l = + = +F = = + — = + + =
92 = 4 = +F = +F = - + + -

respiratory crypts, whereas other markers were completely
negative (Fig. 3). S100 protein/SOX10 highlighted the bud-
ding of serous acini from the sides of invaginated respiratory
epithelium (Fig. 3A and B) (Table 3).

The immunohistochemical profile of 9 LGTAs (Table 4)
encompassed a positivity for CK7 (9/9), MUC4 (8/9),
SOX10 (7/9), MUCL1 (5/9), S100 (5/9), SATB2 (2/9), and
MUCSAC (1/9), whereas CK20, CDX2, MUC2, MUC6,
and p63 were negative in all cases (9/9).

The immunohistochemical features of the serous component
of REAH/SH are identical to those of LGTA (Tables 3 and 4).

3.4. Molecular findings

The molecular features of REAH/SH are summarized
in Table 5.

All REAHs/SHs were analyzed using the FusionPlex Solid
Tumor Kit (ArcherDx), and in case 10 (Fig. 4A-C), EGFR-
ZNF267 gene fusion has been found. This fusion was not
confirmed by reverse-transcription PCR (RT-PCR).

All female cases of REAH/SH (2/10) were tested by
HUMARA. Case 7 (Fig. 4D-F) was SH with areas of hyper-
plastic polyp and was positive for X chromosome methylation
in the HUMARA locus—region q13. The second investigated
case (case 9) was REAH without any SH component and was
HUMARA negative.

4. Discussion

Benign and malignant lesions of the sinonasal tract are
rare, and their differential diagnosis can be challenging,

Fig. 3 IHC. A, S100 protein positivity is seen in the serous component of REAH: serous bud sprouting from the invaginated gland layered by
respiratory epithelium (inset). B, SOX10—a similar view as in panel A. C, CK7 shows diffuse positivity in serous glands of seromucinous hamar-
toma, whereas mucinous glands are completely negative. D, MUC4 positivity in REAH: the serous component is negative or weakly positive.
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Table 5 Molecular analysis
No. Diagnosis Sex NGS-AST Illumina HUMARA
(TS 170)
1 SH M Neg NA
2 REAH M Neg NA
3 REAH in inflammatory nasal polyp M Neg Neg
4 REAH in inflammatory nasal polyp M Neg Neg
S REAH M NA NA
6 SH M Neg NA
7 SH with hyperplastic polyp B NA Neg Pos
8 SH M ND NA
9 REAH E Neg Neg Neg
10 SH M Neg EGFR-ZNF267 *

Abbreviations: NA, not analyzable; ND, not done.

Fig. 4 A, Low-grade tubulopapillary adenocarcinoma is characterized either by tubular and glandular structures or (B) by micropapillary archi-
tecture with bland-looking epithelial cells arranged in a back-to-back pattern. C, Low-grade tubulopapillary adenocarcinoma showing micropapil-

 Not confirmed by PCR and RT-PCR.

lary architecture (C, D), or tubules with mucus accumulation (C, E), and occasional fragments with REAH structures (C, F).
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particularly in small biopsy samples. Various hamartomas
of epithelial, mesenchymal, or mixed origin may occur in
the sinonasal tract [16,19-21]. REAH [4,22-30], SH
[5,6,31], and the recently recognized olfactory epithelial
hamartomas [32] belong to the pure epithelial group. Chon-
droosseous hamartoma and respiratory epithelial hamartoma
[33,34] belong to the mixed epithelial and mesenchymal
group, whereas nasal chondromesenchymal hamartoma [20]
represents the pure mesenchymal group. The etiology of many
of these lesions including REAH is still the possible associa-
tion to proinflammatory environment, and chronic rhinosinusi-
tis is speculated. [25].

Mucins (MUC) are high-molecular weight glycoproteins
which can be divided into secreted and membrane-related groups.
Mucins are broadly included in the surface epithelial structures—
mucus membranes with barrier function. Many studies have de-
scribed mucin expression in different types of carcinomas of var-
iable locations [35-43]. Nevertheless, only a few studies
focused on mucins in the sinonasal tract. Whereas the mucin
production in chronic sinusitis [38-41], the mucin profile of
the signet ring cell carcinoma of the sinonasal tract [42], and
the expression of different markers and mucins in the sinonasal
adenocarcinomas [44-46] have been well characterized, the
expression of mucins in REAH/SH has not been studied so far.

The S100 protein, SOX10, and mucin expression was
found in the serous component of REAH/SH and LGTA.
These findings further strengthened the connection between
both lesions and suggested the origin of LGTA from the sero-
mucinous glands rather than from the respiratory or squamous
surface epithelium.

All cases of REAH/SH were analyzed by next-generation
sequencing using FusionPlex Solid Tumor Kit (ArcherDx),
which revealed EGFR-ZNF267 gene fusion in SH in case 10.
The fusion transcript was not confirmed by RT-PCR, most
likely due to lower sensitivity of RT-PCR method (20%) com-
pared to next-generation sequencing (NGS) (5%). The alterna-
tive explanation might be a lack of the neoplastic tissue in the
paraffin block which was previously used for multiple immu-
nohistochemical and molecular genetic analyses. The false
positivity of NGS may not be excluded as well.

The EGFR-ZNF267 gene fusion has not been published so
far, and the confirmation of the EGFR break by FISH breaka-
part probe is suggested in the next step of investigation.

In neoplastic lesions, monoclonality and polyclonality are 2
significant pathways of tumor cells development [47-51]. The
monoclonal pathway and the principles HUMARA assay were
explained in an earlier study by Boudewijns et al [47]. Briefly,
the analysis of the X-chromosome inactivation allows detect-
ing clonality in female patients. It is based on a theory of a ran-
dom inactivation of a single paternal or maternal X-
chromosome in all female cells during embryonal develop-
ment and its amplification in all daughter cells. One type of
the X-chromosome inactivation analysis uses the HUMARA
gene, whose locus is located on the chromosome X in the re-
gion q13. The presence of monoclonality in a tumor is thought
to confirm its neoplastic nature. However, nontumorous

lesions can be monoclonal as well, as discussed by Skalova
et al in a study of 6 cases of sclerosing polycystic adenosis
with monoclonal cell populations [51].

The polyclonal pathway is explained as 2 independent
events in 2 different cells or group of cells that lead to the poly-
clonal type of tumorigenesis. [49]. However, this pathway is
still under investigation, and the prevailing view remains that
most neoplasms are of monoclonal origin [49].

In the present study, 2 cases of REAH/SH were analyzed
using HUMARA assay, which demonstrated monoclonality
in | case of SH (Case 7), further supporting the notion that it
is indeed a neoplastic process [13,15].

In conclusion, the present study demonstrated that REAH
and SH share many morphological and immunohistochemical
features, forming a continuous spectrum. The eosinophilic se-
rous epithelial buds originating in respiratory epithelial invagi-
nations were positive for S100 protein and SOX10, thus
having an identical immunoprofile as LGTA, whereas the respi-
ratory component of REAH/SH was completely negative.
Moreover, 4 cases of LGTA showed overlapping morphologi-
cal features with REAH/SH. There was also an immunohisto-
chemical overlap between both these lesions. This is the first
study which demonstrated monoclonality in 1 case of SH, fur-
ther supporting the notion that it is a neoplastic process. Al-
though REAH/SH and LGTA are separate entities, our
findings point toward the possibility that SH or the serous com-
ponent of REAH might be the precursor lesion of LGTA.

Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.humpath.2019.09.018.
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1.11.4 REVIZE SOLITARNICH FIBROZNICH TUMORU HLAVY A KRKU:
ZKUSENOSTI JEDNE INSTITUCE S20 PRIiPADY A PREHLED
LITERATURY

Cilem prace zabyvajici se solitarnimi fibroznimi tumory (SFT) bylo pfedstavit nase
zkuSenosti s 20 pfipady téchto vzacnych mezenchymalnich 1ézi z oblasti hlavy a krku. Dale
jsme diskutovali nejcastéjSi nadory jim podobné, zdokumentovali piesny geneticky profil
ucastnicich se fuznich gent a prohledali literarni prameny, obsahujici molekularné-genetické a
klinicko-patologické informace tykajici se SFT.

Vsechny vysetiované ptipady byly pozitivni v barveni STAT6 a ve vSech byla
potvrzena NAB2-STAT6 genova fize metodou NGS. Molekularné-geneticky jsme zastihli 3
hlavni fizni varianty: NAB2ex2-STAT6int1 (5/20, 25 %), NAB2ex6-STAT6ex16 (4/20, 20 %),
and NAB2ex4-STAT6ex2 (3/20, 15 %). Nalezené flzni varianty byly rozdéleny do dvou
kategorii podle mista zlomu STAT6 genu (84). Do prvni kategorie spadaly piipady s 5" fuzi
STAT6 genu neboli STAT6-full varianty. Druhou kategorii byly SFT s 3" fuzi genu STAT6, které
chybi DNA-vazajici doména (DNA-binding domain = DBD), tato skupina byla pojmenovana
STAT6-ADBD.

Navazujici klinické sledovani bylo provedené u 16 pacienti. Jeden pacient
s morfologicky malignim SFT vyvinul mnohocetné relapsy a metastazy do plic a mozkovych
plen, tento pfipad m¢l aberantni nukledrni expresi FLI1 markeru, ktery doposud v SFT nebyl
popsany. Zadny jiny SFT z nasi studie nevykazoval pozitivitu s FLI1 markerem. V dalsi ¢asti
studie jsme se vénovali revizi literatury. Shromazdili jsme 579 ptipadt SFT z riiznych lokalit,
které popisovaly typ fuze NAB2-STAT6. Dvé sté piipadi SFT reportujicich participaci
jednotlivych exontt v NAB2-STAT6 fuzi bylo z oblasti hlavy a krku. V nasi studii jsme zjistili,
ze metastazovaly pouze ty SFT hlavy a krku, v nichZ byla zjiSténa piitomnost STAT6-full
varianty.

Diferencialni diagnéza SFT v oblasti hlavy a krku zahrnuje fadu benignich i malignich
nadorti véetné meningiomu, epiteloidniho hemangioendoteliomu, glomus tumoru, juvenilniho
angiofibromu, obrovskobunécéného fibroblastomu, sklerézujiciho epiteloidniho fibrosarkomu,
hladkosvalovych tumort, bifenotypického sinonazédlniho sarkomu ¢i metastazy low-grade
endometridlniho stromélniho sarkomu. Navic pokud SFT roste infiltrativné¢ a dyskohezivné
pouze v jednotlivych bunikdch mtize imitovat metastaticky lobularni karcinom prsu. Na druhou
stranu, pokud jiZ na diagn6zu SFT pomyslime, STAT6 imunohistochemické vySetfeni je velmi
napomocné a diagnozu piipadné potvrdime detekci NAB2-STAT6 fuze.
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STAT6ex2 (3/20, 15%). Clinical follow-up was available for 16 patients (median follow-up time: 84
months). One patient with a morphologically malignant SFT experienced multiple local recurrences,
followed by dissemination into the lungs and meninges. This malignant SFT also displayed an aberrant
FLII expression, which was not previously reported in SFT cases. We also summarize findings from
200 cases of SFT of the H&N region, which included cases from our study, and from previous studies
that reported on the fusion status of the STAT6 gene. The results suggest that metastatic disease devel-
oped only in cases with STAT6 variants that included the DNA-binding domain (STAT6-full variants),
which contradicts expectations from previous reports and deserves further investigation.

© 2020 Elsevier Inc. All rights reserved.

1. Introduction

Solitary fibrous tumors (SFTs), including lesions previ-
ously diagnosed as hemangiopericytoma (HPC) or HPC-
like lesions, are spindle cell neoplasms that can occur in
any region of the body [1]. This entity was first described
by Klemperer and Coleman [2] as a neoplasm primarily
localized in the pleural region. Approximately 30% of
SFTs/HPCs occur in extrathoracic locations, with or
without attachment to serosal membranes [3]. These loca-
tions include extremities, vulva, thyroid gland, and the head
and neck (H&N) region (6%), among others. Within the
H&N region, the sinonasal tract and the orbit are the most
commonly involved sites, making up 30% and 25% of
cases, respectively [4—14].

Macroscopically, SFTs are usually well circumscribed
and partially encapsulated white to reddish brown
neoplasms.

Microscopically, SFTs reveal miscellaneous phenotypes.
Based on their prevailing component, cellular and fibrous
types of SFTs are distinguished. The typical SFT archi-
tecture is a combination of a hypercellular and hypocellular
patterns (the so-called patternless pattern), with collage-
nous stroma and prominent branching, or staghorn-like
vessels. Hypercellular areas are composed of round or
spindle cells that form storiform, herringbone, fascicular,
fibrosarcoma-like, or epithelioid patterns. Tumor cell nuclei
are round to oval, with open vesicular chromatin and
frequent nuclear pseudoinclusions [15].

There is no correlation between morphology and
behavior of SFTs. The criteria of malignancy, which were
proposed for extrapleural SFTs [8,13,15], include tumor
size (>50 mm), disease dissemination at the time of pre-
sentation, infiltrative margins, hypercellularity, nuclear
pleomorphism, the presence of sarcomatoid areas (dedif-
ferentiation), necrosis, and mitotic activity (>4/10 high-
power fields [HPF]). According to Gold et al. [16], the
extrathoracic SFTs with (i) positive surgical margins, (ii)
size exceeding 10 cm, and (iii) the malignant histological
features described previously are associated with poor
clinical outcomes and therefore deserve close surveillance.
For meningeal SFTs/HPCs, a three-tiered grading is

available based on the updated 2016 World Health Orga-
nization classification of CNS tumors, which classifies
collagenized tumors with low mitotic activity (SFT pattern)
as grade 1 and more cellular tumors with the HPC pattern
as grade 2 or 3, depending on the mitotic count (<5 vs. >5
per 10 HPF) [15].

2. Materials and methods

Twenty cases of H&N SFTs/HPCs were retrieved from
the registry and consultation files at the Department of
Pathology, Faculty of Medicine in Pilsen, and Biopticka
Laboratory, Ltd, Pilsen, Czech Republic, by using key-
words “hemangiopericytoma” and “solitary fibrous tumor.”
Clinical follow-up was obtained from the patients, their
physicians, or from referring pathologists. Representative
tissue blocks were selected for immunchistochemical and
genetic testing. The study was conducted following the
rules set by the Faculty Hospital in Pilsen Ethics Com-
mittee. Informed consent was not required.

2.1. Histology and immunohistochemistry

For conventional microscopy, tissues were fixed in
formalin, routinely processed, embedded in paraffin, cut on
the microtome, and stained with hematoxylin and eosin.

For immunohistochemistry, 4-pm sections were cut
from paraffin blocks and mounted on the positively charged
slides (TOMO, Matsunami Glass IND, Japan). The sections
were processed using the BenchMark ULTRA (Ventana
Medical Systems, Tucson, AZ) and deparaffinized, and the
epitope retrieval was performed by immersion in CC1 (pH
8.6; Cell Conditioning Solution, Ventana Medical Systems)
at 95 °C.

All the primary antibodies used in this study are sum-
marized in Supplementary file 1. Visualization was per-
formed using the ultraView Universal DAB Detection Kit
(Ventana, Roche, Tucson, AZ) and ultraView Universal
Alkaline Phosphatase Red Detection Kit (Roche). The
slides were counterstained with Mayer’s hematoxylin.
Appropriate positive and negative controls were used.
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Table 1  Clinical information and follow-up data.
Case Agefsex Site Symptom  Treatment Recurrence Metastasis ~ Other tumors Follow-up Notes
length
(months)
1 38/F Ear NA E. CHT, RT Yes Lung, skull NA Alive, with Diagnosed in 2003;
disease, 15 years recurrence in 2004—
2009, 2014, and 2018
2 TWF Face 24 E (positive No No No NED NA
surgical margins)
3 13/M Eye + adjacent 1 E (re-excision No No No NED 2 years
tissues 2/2017)
4 44/M Intradural space 2 Laminectomy No No No NED 3 years January 16, 2018
C7+Thi —PET/CT—NED
5 45/F Eye + adjacent NA E No No No NED 3 years
tissues
6 55/F Nuchal area 24 E No No No NED 5 years
7 41/M Nuchal area NA E No No No NED 3 years NA
8 47F Nuchal area NA NA NA NA NA NA NA
9 5IM Nuchal area NA NA NA NA NA NA NA
10 61M Nuchal area NA E NA NA NA DONR 4 years NA
(December 2009)
11 49/M Nuchal area NA E No No No NED 9 years
12 60/F Oral mucosa NA E No No No NED 9 years April 2016, abscess
in the epiglottis
13 49/F Eye + adjacent NA E Yes — January No No NED 5 years
tissues 2013
14 64/F Nuchal area NA E No No Adenocarcinoma DONR 4 years
of the lung (2003) (generalized lung
carcinoma), April 2018
15 67/F Oral mucosa NA E No No Squamous carcinoma of NED 12 years
the forearm skin
(same year)
16 44/M Eye + adjacent NA B No No No NED 15 years
tissues
17 49/F Sinonasal tract  NA NA NA NA NA NA
18 54/M Sinonasal tract 7 E, CHT, RT Yes — 1985, 1987, No No DOD 20 years (cranial ~ Malignant fibrous
1996, 2000 progression), histiocytoma/SFT
February 2002
19 43/F Oral mucosa NA B No No No NED 20 years
20 TIM Eye + adjacent NA NA NA NA NA NA

tissues

Abbreviations: E, excision; CHT, chemotherapy; RT, radiotherapy: NA, not available; NED, no evidence of disease; DOD, died of disease: DONR, died of nonrelated reason; SFT, solitary fibrous tumor;

CT, computed tomo;

graphy: PET, positron emission tomography.

Table 2 Histols I and molecular biol | findings.
Case Pattern Epithelioid Myxoid Atypia Mitoses/ Necrosis Infiltrative Size Additional features Differential diagnosis Genetic fusion Exons Group
10 HPF (mm)
1 HPC + - = 1= 14-15  + = 20 Cysts NAB2-STATG 6-16 STAT6-ADBD
2 SFT = h = 1 = = 11 NAB2-STAT6 2-intl STAT6-full
5 HPC = = = 0 = = 12 Reticulated pattern, Perineurioma, NAB2-STAT6 5—17 STAT6-ADBD
clear cells, juvenile angiofibroma
microcysts
4 SFT = = = 0 = = 12 NAB2-STAT6 4-2  STAT6-full
i HPC o e = 4-5 = = 10 NAB2-STAT6 2-intl STAT6-full
6 HPC/SFT — i = 0 = = 30 Reticulated NAB2-STAT6 2—1  STAT6-full
pattern
7 HPC/SFT — = = =2 = = NA NAB2-STAT6 2-intl STAT6-full
8 HPC/SFT  + ar = 1 = =5 25 Sclerosing epithelioid NAB2-STAT6 6—16 STAT6-ADBD
fibrosarcoma, epithelioid
hemangioendothelioma
9 HPC/SFT — = = =2 = = 67 NAB2-STAT6 3—19 STAT6-ADBD
10 HPC = == = 29 = = 15 Paraganglioma NAB2-STAT6 6-16 STAT6-ADBD
11 HPC/SFT — = = 0 = = 8 Fat forming NAB2-STAT6 2-intl STAT6-full
12 HPC/SFT — ar = 0-1 = = 11 Lymphoid Meningothelial and NAB2-STAT6 2-5  STAT6-full
infiltration fibrous meningioma
13 HPC/SFT — - - 01 - - 50 NAB2-STAT6 2-intl STAT6-full
14 SFT/IGCA — + = 0 = = 20 Lymphoid Sclerosing epithelioid NAB2-STATG 6-16 STAT6-ADBD
infiltration fibrosarcoma
15 HPC = = = 0 = = 28 NAB2-STAT6 6—4  STAT6-full
16  SFT/GCA — = = 0 = = 19 Reticulated Perineurioma, NAB2-STAT6 6—19 STAT6-ADBD
pattern, atypical juvenile angiofibroma
giant cells
17 HPC/SFT — 5 = 0 = o 25 Single-cell Hemangioma, glomus NAB2-STAT6 4-—2  STAT6-full
pattern tumor, metastasis of
mammary lobular
carcinoma
18  HPC/SFT — + = i = ot 21 Single-cell Metastasis of mammary NAB2-STAT6 4—2  STAT6-full
pattern lobular carcinoma,
glomus tumor
19 HPC e EE = 0—-1 = == 19 NAB2-STAT6 4—5  STAT6-full
20 SFT = i = 0 = = 50 Fascicular growth  Smooth muscle tumors ~ NAB2-STAT6 2—1  STAT6-full

Abbreviations: SFT,

solitary fibrous twmor; HPC, hemangiopericytoma:

; GCA, giant-cell angiofibroma; HPF, high-power fields.
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Fig. 1  Head and neck solitary fibrous tumor—histological variants. Cases 1 and 3 showed microcystic or cystic areas (A); cases 12 and
14 showed lymphocytic infiltration in the form of lymphoid nodules (B); fat-forming variant (case 11) (C); 2 cases were characterized by

the presence of giant cells (D).

2.2. Detection of NAB2-STAT6 fusion transcripts by
next-generation sequencing

Depending on the sample size, up to 3 formalin-fixed
paraffin-embedded sections (10-pm thick) were macro-
dissected, and the total nucleic acid (NA) was extracted
using the Agencourt FormaPure Kit (Beckman Coulter,
Brea, CA) with modifications recommended by ArcherDX
(ArcherDX Inc., Boulder, CO). The extracted NA was
quantified using the Qubit Broad Range RNA Assay Kit
(ThermoFisher Scientific, Waltham, MA, USA), and the
input amount for each sample library preparation was
250 ng. The PreSeq RNA QC Assay using iTaq Universal
SYBR Green Supermix (Bio-Rad, Hercules, CA) was
performed to assess sample quality. Samples with the
threshold cycle lower than 30 were passed to the target-
enrichment step. The Sarcoma kit (ArcherDx Inc, Boulder,
CO) containing 143 target gene-specific probes in 26 genes
was used, and all steps were performed following the Ar-
cher’s Fusion Plex Protocol for Illumina. Final libraries
were quantified following the Library Quantification for
Ilumina Libraries protocol (KAPA, Wilmington, MA)
assuming a 200-bp fragment length. The samples were
multiplexed and spiked with 20% PhiX control and
sequenced on a NextSeq 500 (Illumina, San Diego, CA) to
achieve at least 1.5 million reads per sample. The analysis
of the sequencing results was performed using Archer
Analysis software (version 5.1.7; ArcherDX Inc.). Fusion
parameters were set to a minimum of 5 valid fusion reads
with a minimum of 3 unique start sites within the valid
fusion reads.

2.3. Review of the literature

The PubMed database was searched for relevant peer-
reviewed reports published in English, using a combination
of the following keywords: “solitary fibrous tumor,”
“hemangiopericytoma,” *“genetic,” and/or “molecular.”
From more than 200 retrieved articles published in the
period from 2013 to August 2019, we selected all relevant
studies with at least 5 SFT/HPC cases, for which the NAB2-
STATG6 fusion status was determined by molecular genetic
testing. Fourteen articles meeting these criteria were
selected, and the genetic data and clinical information were
extracted and analyzed together with our data.

3. Results

3.1. Clinical features and follow-up information

We identified 20 patients with SFTs of the extrathoracic
H&N region who were included in the study. The cohort
consisted of 11 women and 9 men with age at diagnosis
ranging from 13 to 77 years (median = 49 years and mean
= 51 years). Their clinical information and follow-up are
summarized in Table 1. The most frequent sites of occur-
rence were the nuchal area (7/20, 35%), the orbit (5/20,
25%), and the oral mucosa (3/20, 15%). Two cases
occurred in the sinonasal tract (2/20, 10%), and one case
each involved the ear, the face, and the intradural space at
the level C7—Thl.

The follow-up data were available for 16 cases. The
median follow-up time after surgery was 84 months (range
= 23 months—240 months). Most patients (18/20)
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Fig. 2 Case 1 histomorphology. Case 1 showed protean morphology. resembling low-grade adenocarcinoma (A) or metastatic thyroid
carcinoma (B), also had a trabecular pattern reminiscent of paraganglioma (C), and focally showed solid epithelioid growth pattern (D) and

clear cell differentiation (E). FLI-1 nuclear expression was present (F).

underwent surgical excision only, without adjuvant
chemotherapy or radiotherapy.

Locoregional recurrence was recorded in two cases, and
one tumor metastasized. Specifically, in case 1, the SFT
originated in the left auditory canal and obstructed the
whole cavum conchae. The lesion was initially excised in
2003 and diagnosed as HPC. During the following six
years, the patient underwent three reoperations of the
recurrent tumors, involving various adjacent H&N regions.
In 2009 and 2010, the patient received chemotherapy and
radiotherapy, but the disease progression occurred between
2010 and 2015, with pulmonary and brain metastases,
which were treated by radiotherapy. Subsequent local
recurrence in the fossa temporalis was followed by gamma
knife therapy. In 2017 and 2018, another local recurrence
was diagnosed in the middle ear and auditory channel and
subsequently treated by surgical excision. To date
(February 2018), the patient is alive with disease.

In case 13, an orbital SFT recurred locally five years
after the first surgical treatment in 2013. The tumor was re-
excised, and the patient is alive without evidence of the
disease.

In case 18, the tumor originated in the sinonasal tract
and was originally (in 1982) diagnosed as hemangioendo-
thelioma. The patient had been presenting signs of disease
for seven months before the surgical treatment. The tumor
recurred in 1985, 1987, 1996, and 2000 and was diagnosed
as a recurrent malignant fibrous histiocytoma. This

diagnosis was changed to malignant SFT after positive
STATG staining was detected in our department. The pa-
tient underwent chemotherapy and radiotherapy and died
two years after the last recurrence owing to cranial pro-
gression of the disease.

The median time to the first recurrence was 36 months
(range = 12—60 months), and the time to metastasis in a
single metastatic case was 7 years after the initial diagnosis.

3.2. Pathological and immunohistochemical
findings

The histological findings are summarized in Table 2.
Microscopically, 18 cases were classified as benign SFTs,
and two cases (cases 1 and 18) were classified as malignant,
based on their morphology and clinical behavior.

Morphologically, three cases (cases 2, 4, and 20) showed
pure classic SFT phenotype, with alternating hypercellular
and hypocellular proliferation, composed of spindle-shaped
cells within collagenous stroma and typical staghorn ves-
sels. In six cases (cases 1, 3, 5, 10, 15, and 19), the HPC-
like phenotype predominated and was characterized by a
high level of cellular proliferation composed of small oval
to epithelioid cells with moderate to large nuclei and
irregular or discrete nucleoli. Nine cases (cases 6—9,
11—13, 17, and 18) showed a combination of the HPC-like
and SFT morphology. Two cases showed prominent
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Fig. 3  Differential diagnostic considerations of SFT. Morphologically, SFT may mimic many head and neck benign or malignant
neoplasms with spindle cell and epithelioid morphology. SFT (A) may imitate meningothelial and fibrous meningioma (B); SFT (C)
resembling sclerosing epithelioid fibrosarcoma (D). Giant-cell angiofibroma, a SFT variant (E), may be indistinguishable from giant-cell
fibroblastoma (dermatofibrosarcoma protuberans variant) (F) by histomorphology alone. Distinguishing SFT (G) from metastatic lobular
carcinoma (H) maybe a diagnostic challenge; SFT (I) and metastatic low-grade endometrial stromal sarcoma (J) are look-alikes and
indistinguishable by H&E alone. H&E, hematoxylin and eosin; SFT, solitary fibrous tumor.

admixture of giant cells (giant cell angiofibroma pheno- Lipomatous differentiation (fat forming variant of SFT)
type). Focal myxoid stromal change and microcystic to was seen in one case (Fig. 1C), and the multinucleated
macrocystic formations were noted in nine and two cases, giant cells were present in two cases (Fig. 1D). Except for
respectively (Fig. 1A). Lymphocytic infiltration forming cases 1 and 10, which displayed up to 15 and 29 mitotic
lymphoid nodules was present in two cases (Fig. 1B). figures, respectively, mitotic figures were rarely observed
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(<2/10 HPF). Only case 1 showed hemorrhage and
necrosis.

All cases (except case 1) were diagnosed as SFTs based
only on their morphology. The STAT6 expression (positive
in all cases) and the next-generation sequencing were used
as supplementary investigative tools.

Case 1 was diagnostically challenging owing to its his-
tological overlapping patterns with other tumors of the
H&N region, and it best demonstrates protean histo-
morphology of the SFTs (Fig. 2A—F). This case was his-
tologically heterogeneous, showing a mixture of adenoid
and microcystic patterns resembling sinonasal low-grade
adenocarcinoma or metastatic thyroid carcinoma (Fig. 2A
and B), featuring a trabecular pattern reminiscent of para-
ganglioma (Fig. 2C), a solid epithelioid growth pattern
(Fig. 2D), and focal clear cell differentiation (Fig. 2E). A
wide panel of antibodies was used to rule out epithelial
tumors, paraganglioma, vascular lesions, melanoma, and
other small round blue cell tumors. The tumor was negative
for synaptophysin, chromogranin, INSM1, Islet 1, S100,
SOX10, cytokeratin cocktail AE1/AE3, OSCAR, GATA3,
smooth muscle actin, desmin, NKX 2.2, CD99, CD34,
CD31, PROXI1, LYVEI, and ERG, but showed a strong
BCL2 positivity. Interestingly, FLI-1 nuclear expression
was also present (Fig. 2F). Nuclear STAT6 expression
confirmed the diagnosis of a SFT, and the genetic analysis
showed NAB2ex6-STAT6ex16 fusion.

3.3. Results of the NAB2-STAT6 gene fusion testing

NAB2-STAT6 fusion transcripts were detected in all
cases (Table 2). The most common fusion break points
were NAB2ex2-STAT6intl, detected in five cases (25%),
and NAB2ex6-STAT6ex16, present in four cases (20%).
Other detected fusion break points included NAB2ex4-
STAT6ex2 (3/20, 15%), NAB2ex2-STAT6ex1 (2/20, 10%),
and NAB2ex5-STAT6ex17, NAB2ex6-STAT6ex4,
NAB2ex2-STAT6ex5, NAB2ex4-STAT6ex5, NAB2ex3-
STAT6ex19, and NAB6ex-STAT6ex19 (each in one case [1/
20, 5%]). Transcript entries used for exon numbering were
NM_005967.3 for NAB2 and NM_001178078.1 for STAT6.

In summary, 7 SFTs showed STAT6-ADBD fusion var-
iants, and 13 cases had STAT6-full type of fusion [17].

3.4. Review of the literature

Including our study, genetic NAB2-STAT6 testing was
performed in 579 SFT/HPC cases; of which, 263 cases
arose in the H&N region [17—30]. The median age at
diagnosis was 55 years (mean = 54 years, range = 12—89
years). The male-to-female ratio was 201:210. (Gender was
not reported for 168 cases.)

Tumor tissues from cases included in the study cohorts
were analyzed by reverse transcription polymerase chain
reaction (RT-PCR), long-range genome PCR, multiplex RT-
PCR, and whole-exome sequencing methods. The detection

rate of the NAB2-STAT6 genetic fusion varied across
studies, ranging from 44% to 100% for all sites and from
0 to 100% for the H&N region (Supplementary file 2).

The most frequent fusion variants detected in all 579
cases were those involving exon 4 of the NAB2 gene:
NAB2ex4-STAT6ex2 (88 cases; 15%), NAB2ex4-STAT6ex3
(41 cases; 7%), and NAB2ex4-STAT6ex2/3 (29 cases; 5%),
followed by the variants with fusions between exons 5, 6, or
7 of the NAB2 gene and exons 16 or 17 of the STAT6 gene
(NAB2ex6-STAT6ex17 — 63 cases, 11%; NAB2ex6-
STAT6ex16 — 34 cases, 6%; and NAB2ex5/7-STAT6ex16/
17 — 60 cases, 10%). The remaining fusion variants were
identified as NAB2ex6-STAT6exI8 (26 cases, 4%),
NAB2ex1-STAT6ex4 (19 cases, 3%), and other (102 cases,
18%). The remaining 117 cases (20%) were not analyzable
(Supplementary file 3).

These 579 cases were most commonly diagnosed as
typical SFTs (297 cases, 51%), followed by malignant
SFTs (94 cases, 16%) and cellular SFTs/HPCs (60 cases,
10%).

Yuzawa et al. classified NAB2-STAT6 fusions into two
categories based on the break points of the STAT6 gene: (i)
the 5' site fusions of the STAT6 gene were labeled as
STAT6-full, and the 3’ site fusions of the STAT6 gene
missing the DNA-binding domain (DBD) were labeled as
STAT6-ADBD [17]. Considering this 2-tiered system, var-
iants from the STATG6-full group were characterized by
break points between NAB2exI-7-STAT6exI-6, and the
STAT6-ADBD group comprised NAB2ex3-6-STAT6ex16-
20 gene fusions (Supplementary file 3).

Of 579 SFT cases at all sites, 251 (55%) were STAT6-
full and 206 (45%) were STAT6-ADBD. The remaining 17
(3%) cases were NAB2-STAT6, rearranged with no specified
fusion type, and 105 (18%) cases were fusion negative. The
median age at diagnosis was higher in the STAT6-full
group (59.5 years) than in the STAT6-ADBD group (46.9
years). The ages at diagnosis ranged from 12 to 89 years in
the STAT6-full group and from 12 to 82 years in the
STAT6-ADBD group. The male-to-female ratio was
201:210. Disease recurrence was detected in 29 cases in the
STAT6-full group and in 37 cases in the STAT6-ADBD
group. Metastatic disease was more common in the STAT6-
ADBD group (12 cases; cumulative incidence over the
follow-up: 5.8%) than in the STAT6-full group (6 cases;
cumulative incidence over the follow-up: 2.4%), but this
difference was not statistically significant (risk difference
Clgs: —0.5% to 7.8%; Fisher’s exact test two-sided P-value:
0.0885).

In the H&N region, the total number of cases was 263.
The NAB2-STAT6 fusion status was available for 200
cases; of which, 72 cases displayed STAT6-full and 128
cases displayed STAT6-ADBD fusion variants. The
average age at diagnosis was 58 years (range: 30—88
years) in the STAT6-full group and 42 years (range: 13—69
years) in the STAT6-ADBD group. The male-to-female
ratio was 69:57, and the gender was not reported for 137
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cases. Disease recurrence was reported in 15 cases in the
STAT6-full group and 19 cases in the STAT6-ADBD
group. Metastasis developed in 9 H&N SFT cases and only
among patients with the STAT6-full variants (cumulative
incidence over the follow-up: 12.5%). The difference in
the occurrence of metastasis between the STAT6-ADBD
and STAT6-full groups is statistically significant (risk
difference Clos: 5.3—22.4%; Fisher's exact test
P < 0,0001).

4. Discussion

H&N SFT is a rare lesion, which was so far documented
in several single-case reports and in a few case series
[31,32]. The largest study of H&N SFT published to date
included 88 patients from several North American in-
stitutions [3]. Previous reports indicated that SFTs can
involve any H&N structure, including the sinonasal tract,
orbit, buccal space and oral mucosa, thyroid, major salivary
glands, soft tissues of the neck, ear and external auditory
canal, or palatine tonsils [3,31—38].

The protean morphology of SFT is notorious, and the
diagnosis may be challenging for H&N pathologists,
especially when dealing with small biopsy specimens. It is
particularly difficult to distinguish SFTs from a full spec-
trum of possible benign and malignant mesenchymal neo-
plasms (Fig. 3A—J).

Differential diagnosis of H&N SFT includes meningo-
thelial or fibrous meningioma, epithelioid hemangioendo-
thelioma (EHE), glomus tumor, juvenile angiofibroma,
paraganglioma, giant-cell fibroblastoma (GCF), sclerosing
epithelioid fibrosarcoma (SEF), smooth muscle tumors,
biphenotypic sinonasal sarcoma (BSNS), and metastatic
low-grade endometrial sarcoma, among others. SFT
growing infiltratively in a single-cell pattern may also
mimic a metastatic mammary lobular carcinoma.

Meningiomas, especially of meningothelial or fibrous
type, can be potentially confused with meningeal SFTs, and
it may be difficult to differentiate them from SFTs based on
the morphology alone (Fig. 3A and B) [20]. Consequently,
the recommended approach to distinguish between SFTs
and meningiomas involves IHC detection of STAT6
expression, followed by the detection of ALDH1 and CD34
expression in the STAT6-negative cases [15]. However, in
our experience, virtually all cases of the SFT are positive
for nuclear STAT6 expression by immunohistochemical. In
contrast, meningiomas show no positivity for STAT6 and
display variable positivity for epithelial membrane antigen,
progesterone receptors, somatostatin receptors 2A, claudin
1, and MUC4 [39—42].

EHE is a malignant vascular neoplasm, characterized
by the presence of cords and nests of epithelioid eosino-
philic endothelial cells, some of which may show intra-
cytoplasmic lumina, growing within the myxoid or
hyaline matrix [43]. EHE is immunohistochemically

positive for endothelial cell markers such as FLI1, CD31,
or CD34 and displays nuclear expression of CAMTAI or
TFE3 [44,45].

Nasopharyngeal angiofibroma (NAF) is a locally
aggressive fibrovascular neoplasm, affecting mostly
adolescent boys [46]. Histologically, NAFs are composed
of vascular and stromal components, with vessels of
various calibers and shapes and bipolar or stellate fibro-
blastic cells, showing nuclear androgen receptor and beta-
catenin positivity in the majority of cases [47].

Paraganglioma is an uncommon neural crest—derived
neuroendocrine neoplasm, composed of chief cells ar-
ranged in nests (zellballen), surrounded by sustentacular
spindle-shaped cells and delicate capillary and reticulin
fiber network. The chief cells are positive for neuroendo-
crine markers and have a variable expression of S100
protein. Sustentacular cells exhibit S100 protein and GFAP
positivity [48].

SEF [49] is most commonly localized in the deep soft
tissue of the lower extremities, and its occurrence in the
H&N region is extremely rare [50] (Fig. 3C and D). SEF is
composed of small epithelioid cells arranged in nests,
cords, and small acini surrounded by a densely sclerotic
matrix. A subset of SEF appears to be genetically related to
low-grade fibromyxoid sarcoma, and both tumors share
diagnostically useful immunopositivity for MUC4 [51,52].
SEF lacks STAT6 and may be genetically characterized by
EWSRI-CREB3LI or FUS-CREB3L2 rearrangements [52].

BSNS is a low-grade spindle cell sarcoma with
myogenic and neural differentiation. Typically, the cells of
BSNS are arranged in intersecting fascicles, but herring-
bone and hemangiopericytomatous patterns resembling
SFTs are also frequently found [53,54]. Immunohis-
tochemically, BSNS is characterized by positivity for S100
and actin as well as a focal and weak positivity for CD34,
desmin, myogenin, and MyoD1. Genetically, the BSNS is
characterized by PAX3-MAML3 or alternate (PAX3-
FOXOI, PAX3-NCOA1) gene fusions [55—57].

GCF, which is a locally aggressive pediatric variant of
dermatofibrosarcoma protuberans, rarely occurs in the
H&N region. GCF is very similar to giant-cell angiofi-
broma (SFT variant, Fig. 3E and F) [58,59]. Importantly,
both these lesions share CD34 immunoexpression, and
therefore, STAT6 immunohistochemistry is necessary to
distinguish between the GCF and giant-cell angiofibroma/
SFT.

Breast cancers can, albeit rarely, metastasize to the H&N
region, which brings additional challenges to the differen-
tial diagnosis [60]. Of note, one of our SFT cases (female
patient, case 17) with an infiltrating single-file linear
growth pattern resembled metastasis of lobular carcinoma
of the breast (Fig. 3G and H). Correct diagnosis in these
cases is contingent on the evaluation of clinical history and
immunohistochemical studies.

Finally, metastatic low-grade endometrial stromal sar-
coma (LG ESS) should also be included in the differential
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diagnosis of the H&N SFT (Fig. 31 and J). LG ESS is
typically diffusely positive for CD10, WTI, estrogen re-
ceptors (o isoform), and progesterone receptors. Moreover,
CD99, calretinin, a-inhibin, or Melan-A may be positive
when sex cord-stromal differentiation is present. Geneti-
cally, approximately 50% LG ESSs harbor JAZF1-SUZI2
fusion [61—63].

The NAB2-STAT6 fusion is a hallmark of SFT
[18—20,26,04,65], and the positive nuclear STAT6
expression, which results from this fusion, is the most
important immunohistochemical marker of the SFI/HPC.

Tai et al. [66] confirmed that NAB2ex4—STAT6ex2/4
(STAT6-full) variants were strongly associated with the
intrathoracic SFTs; however, they did not find any corre-
lation between NAB2-STAT6 fusion variants and prognosis
of the SFTs. SFTs with aggressive histology tended to
occur in the STAT6-ADBD group in case series reported by
Yazawa et al. [17], but no correlation was found between
fusion types and prognosis. Barthelmess et al. [22] showed
that NAB2ex6-STAT6ex16/17 fusion variants occurred
more frequently in typical HPCs from the deep soft tissue
with a more aggressive histology and clinical behavior.
Likewise, another study also reported a highly aggressive
phenotype and a poor outcome of the SFT cases with
STAT6-ADBD rearrangements [25,67]. In contrast with
these findings, analysis of our data, combined with data
extracted from the literature, identified metastatic disease
occurrence only in the STAT6-full group of the H&N SFT.
This is an intriguing finding that warrants further investi-
gation in prospective cohorts of H&N SFTs.

In conclusion, we present a single-center experience
with H&N SFT and discuss its differential diagnosis. Based
on the review of data presented in the literature, NAB2-
STAT6 fusion variants may show association with meta-
static potential of SFT in the H&N, but this observation
needs confirmation in future studies.

Appendix A, Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.humpath.2020.03.007.
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1.11.5 SATB2 JE CASTO EXPRIMOVANY V OSIFIKUJIiCICH PERIFERNICH
ORALNICH FIBROMECH V OBLASTI DASNE, ALE NE V REAKTIVNICH
FIBROMATOZNICH LEZICH JINYCH CASTI DUTINY USTNI

Periferni oralni fibromy (POF) dasnové oblasti jsou malé benigni léze, které
pravdépodobné vznikaji na podkladé¢ dlouhodobého lokalniho fyzického ¢i chemického
drazdéni. Klinicky jsou to bezbolestné a pomalu rostouci uzliky obvykle mensi nez 2 cm.
Pritomnost centralné ulozené pletivové kosti je charakteristickym rysem osifikujici varianty
POF.

V ptilozené studii jsme si dali za cil prozkoumat expresi SATB2, osteoblastického
transkrip¢niho faktoru v souboru 28 gingivalnich POF, z nichz 10 bylo osifikujicich. Ziskané
vysledky jsme porovnali s dal§imi 28 1ézemi z jinych nez gingivalnich oblasti dutiny ustni.
Hlavni otdzka, ktera byla v prib¢hu studie feSena, se tykala kontroverzniho tématu, pro¢
nekteré gingivalni 1éze osifikuji a jiné nikoliv.

Elanagai a spol. studovali expresi osteopontinu v normalni gingivalni tkdni a v riznych
typech fokalnich reaktivnich 1ézi véetné osifikujicicho POF. Zjistovali, zda se osteopontin
muze uplatnit ve vyvoji kostni komponenty 1€zi (73). Popsali jeho expresi ve vSech ptipadech
osifikujicich POF a pfisli s tvrzenim, ze POF vznikd ze stromélnich bun€k exprimujicich
osteopontin, nebo-li z osteoblastli odvozenych z periodontalniho ligamenta (73).

Vysledkem naseho studia bylo 10 piipadi osifikujicich POF a 8 ptipadt neosifikujiciho
POF gingivalni oblasti se silnou az stfedné silnou expresi SATB2. Silna reaktivita se SATB2
byla pozorovéna pouze v 1 ptipadé non-gingivalniho POF. Vysledky jasné ukazuji konzistentni
expresi osteoblastického markeru SATB2 v osifikujicich a vétSiné neosifikujicich POF
gingivalni oblasti a chybéni tohoto markeru v reaktivnich 1ézich z jinych oblasti dutiny tstni
nez gingivalni. Toto tvrzeni je dale ve shod€ s navrhovanym pivodem gingivalnich POF
v periodontalnich ligamentech.

SATB2 je pozitivni viadé benignich a malignich naddorG hlavy a krku vcetné
osteosarkomu, osteoblastomu, obrovskobunééného tumoru, fibrozni dysplazie a epitelialnich
nadort jako sinonazalni adenokarcinom intestindlniho typu ITAC. Nedavno byla exprese
SATB?2 popsana ve fosfaturickém mezenchymalnim tumoru vcéetné€ oblasti hlavy a krku (85).
Nase studie tak nové piidava na seznam orofacialnich 1ézi pozitivnich se SATB2 dalsi 1ézi, a to
osifikujici variantu POF. Exprese SATB2 v jakékoliv polypoidni intraoralni 1ézi by méla byt
proto zvazovana obezietng, abychom se vyhnuli nadhodnoceni 1éze jako maligni.
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Keywords:
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Ossifying and non-ossifying peripheral oral fibromas (POF) of the gingival and alveolar mucosa are localized,
cellular, small fibrous nodular lesions likely resulting from diverse external/ internal physical and chemical
irritation or injuries. A central nidus of metaplastic woven bone characterizes and defines the ossifying variant,
The inherent tendency of these lesions to ossify remains elusive. We herein analyze SATB2 expression as os-

?:‘:l ::r‘:‘:i; teoblastic transcription and differentiation factor in 28 gingival POFs (10 of them ossifying) and compare them
SxTEY to 28 fibrous lesions from different non-gingival intraoral sites. Strong to moderate diffuse nuclear SATB2 im-

munoereactivity was detected in all ossifying (10/10; 100%) and in 8/18 (44%) non-ossifying gingival POFs, but
in only 1/28 (3%) non-gingival oral reactive nodular fibrous lesions. This study illustrates for the first-time
consistent expression of the osteoblastic marker SATB2 in ossifying and most of non-ossifying POFs of the
gingival area but lack of this marker in reactive fibrous lesions from other oral cavity sites. This finding is in line
with the proposed origin of gingival POFs from periodontal ligaments and may explain the frequent ossification
observed in them. It is mandatory to consider this finding when assessing biopsies from SATB2-positive oral

Fibrous epulis

cavity neoplasms to avoid misinterpretation.

1. Introduction

Peripheral oral fibroma (POF) is a benign localized lesion that ori-
ginates from the gingival and alveolar oral mucosa and presents clini-
cally as a painless, slowly growing, pedunculated or sessile firm nodule,
usually < 2cm in size. Histologically, POF is characterized by fibrous
tissue that entraps variable numbers of fibroblastic cells. Presence of a
well-defined island of metaplastic woven bone defines the ossifying
(versus non-ossifying) variant [1,2]. Several descriptive names have
been used for ossifying POF: peripheral cementifying fibroma, periph-
eral fibroma with cementogenesis, peripheral fibroma with osteogen-
esis, peripheral fibroma with calcification, calcified or ossified fibrous
epulis, and calcified fibroblastic granuloma [1]. Both variants are
considered reactive [3,4].

Women in their 2nd decade of life are mainly affected. Recurrence
rates approach 20%. comparable but almost never ossifying fibrous
lesions (traumatic fibromas and fibroepithelial polyps) may occur at
any oral site including the tongue, lips, mouth floor, palate, and others,

likely resulting from traumatization or chronic irritation.

The special AT-rich sequence-binding protein 2 (SATB2) encodes a
nuclear matrix DNA-binding multifunctional transcriptional regulator
protein [5] involved in osteoblast lineage commitment [6-8], cranio-
facial skeleton, and bone and neuronal evolution [9,10]. SATB2 gene
inactivation caused by diverse molecular mechanisms results in so-
called SATB2-associated syndrome [11], a condition characterized by
neurodevelopmental and behavioral disabilities, palatal clefts, dental
anomalies, skeletal anomalies and, rarely, involvement and impairment
of other organ systems [7,12].

In surgical pathology practice, SATB2 has been increasingly used as
a context-specific marker of osteoblastic differentiation and as a marker
of colorectal cancer [13]. In the head and neck, SATB2 represents a
valuable adjunct for intestinal-type sinonasal adenocarcinoma and in
uncommon mesenchymal neoplasms including variants of craniofacial
osteosarcomas and phosphaturic mesenchymal tumors [14,15]. Ex-
pression of SATB2 in POF has not been studied before. We herein
analyzed 56 fibromatous lesions from the oral cavity for expression of

* Corresponding author at: Pathologisches Institut, Universitdtsklinikum Erlangen, Krankenhausstrasse 8-10, 91054 Erlangen, Germany.

E-mail address: abbas.agaimy@uk-erlangen.de (A. Agaimy).
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SATB2 and correlated topographic and morphological findings with the
immunohistochemical SATB2 expression.

2. Materials and methods

All cases have been identified in the routine surgical pathology files
of the Institute of Pathology, University Hospital of Erlangen, Germany.
Tissue samples have been fixed in formalin overnight and embedded
routinely for histological evaluation. Immunohistochemistry (IHC) was
performed on 3-pum sections cut from paraffin blocks using a fully au-
tomated system (“Benchmark XT System,” Ventana Medical Systems
Inc., 1910 Innovation Park Drive, Tucson, Arizona, USA). The Anti-
SATB2 antibody was retrieved from Abcam (clone EPNCIR130A4, dilu-
tion, 1:200).

2.1. Immunohistochemical scoring

Only nuclear staining was considered positive. The extent of SATB2
expression was scored as O = negative, 1+: 1-25% of cells, 2+:
26-50%, 3+: 51-75% and 4+ if > 75% of cells stained positive. The
“intensity score” — was defined as negative (no staining), 1 + (weak
positivity), 2 + (moderate positivity) and 3+ (strong positivity).

The results of the extent and intensity scores were then multiplied to
obtain a final score of 0-12 for each lesion (Table 1).

3. Results

There were 56 lesions from 53 patients available for analysis. Three
patients (case 10 and 11 in Table 1; and cases, 13 and 14, 16 and 17 in
Table 2) underwent surgical excision of two lesions during same op-
eration. The female to male ratio was 1.2: 1. Cases were distributed
over a wide age range (15-82 years). The average age was 52 years (56
and 51 years for males and females, respectively). Twenty-eight lesions
were gingival (14 in the maxilla, 13 in the mandible & one in un-
specified gingival site). Ten (35%) of the gingival lesions were ossi-
fying. The non-gingival reactive fibrous oral cavity lesions (28) were
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located in tongue [8], palate [8], mouth angle & lip [7], buccal mucosa
[3] and unspecified non-gingival oral cavity [2].

3.1. Ossifying peripheral oral fibroma (n = 10)

Table 1 (Cases 1 to 10) shows the clinical and histological char-
acteristics of the ten patients with ossifying POF. Affected were 6
women (60%) and 4 (40%) men; the average age was 51.1 years. 5
cases were localized in maxilla and 5 in the mandible. The lesion size
ranged from 0.5-1.8 cm (mean, 0.9 cm).

Microscopically all were well-defined polypoid fibroepithelial
growths (Fig. 1A). They showed low to moderate cellularity in the form
of fibroblast-like spindled or fusiform cells without significant atypia
(Fig. 1B, C). This fibroblastic component was admixed with a chronic
inflammatory infiltrate composed of fibroblasts, histiocytes, lympho-
cytes and plasma cells, occasionally forming granuloma-like aggregates.
A few neutrophils were seen. The background stroma of all lesions was
fibroblastic with prominent collagenous material that varies from few
collagen fibrils to large areas with hyalinization or sclerosis. Dense and
mature collagen was seen predominantly in cases with a moderate in-
flammatory component. Variable stromal edema and prominent vas-
cularization were seen in most cases as well as occasional myxoid
changes (Fig. 1C). Bone formation was present in all cases and varied
from a few psammomatous microcalcifications to well defined partially
anastomosing trabeculae of lamellar and woven bone characteristically
forming a well-defined central nidus-like bony island (Fig. 1D). The
covering mucosa was frequently hyper-/parakeratotic. None of the le-
sions had evidence of intra-osseous component or features of peripheral
odontogenic fibroma, peripheral giant cell granuloma or other specific
entity.

SATB2 immunohistochemical staining showed very strong and dif-
fuse nuclear positivity in all cases, both in the bony component and the
fibrous tissue surrounding bone structures (Fig. 1E, F). The total SATB2
score was in the range of “6 to 12”. All cases were marked as score “3”
for SATB2 intensity.

Table 1
Clinicopathological features of ossifying and non-ossifying gingival peripheral oral fibromas (n = 28).

No Age/sex Site Size (cm) Type Cellularity SATB2% SATB2 intensity Total score
1 52/F Maxilla right (Region 13) 0,8 x 0,4 Ossifying High 4+ 3 12
2 71/F Maxilla 1,8 x1,0 Ossifying High 4+ 3 12
3 60/F Maxilla left (Region 24) 0,5 % 0,4 Ossifying High 4+ 3 12
4 35/F Maxilla left (Region 25) 0,6 % 0,6 Ossifying High 4+ 3 12
5 20/M Mandible right (Region 44) 0,8 X 05 Ossifying High 4+ 3 12
6 63/F Maxilla left (Region 23/24) 0,8 X 0,5 Ossifying Moderate 3+ 3 9
7 29/F Mandible (Region 31) 0,6 x 0,6 Ossifying High 3+ 3 9
8 40/M Mandible middle (Regions 31-41) 1,2 X 0,6 Ossifying High 24 3 6
9 74/M Mandible left 1,0 x 0,3 Ossifying Moderate 2+ 3 6
10* 67/M Mandible right (Region 45) 1,0 X 05 Ossifying Moderate 2+ 3 6
1 67/M Maxilla right (Region 13) 0,5 X 0,4 Non-ossifying Moderate 1+ 1 1
12 25/F Maxilla left (Regions 23/24) 0,9 x 0,6 Non-ossifying High 3+ 3 9
13 15/F Mandible right (Regions 41,42) 0,6 X 0,5 Non-ossifying High 24 3 6
14 53/F Gingiva not specified 0,6 X 0,4 Non-ossifying High 2+ 2 4
15 68/F Mandible left (Regions 32/33) 0,6 x 0,5 Non-ossifying Moderate 2+ 2 4
16 72/F Mandible right (Region 46) 1,5 % 0,5 Non-ossifying High 2+ 2 4
17 20/F Mandible right (Regions 41,42) 0,8 x 0,4 Non-ossifying High 2+ 2 4
18 42/F Mandible left (Region 36) 0,8 X 0,4 Non-ossifying High 1+ 3 3
19 65/M Palate/maxilla left (Region 26) 0,5 % 0,5 Non-ossifying Moderate 1+ 1 1
20 69/M Maxilla and Mandible (Regions 48, 37, 17-18) 1,0 x 0,5 Non-ossifying Moderate 1+ 1 1
21 65/F Maxilla middle (Regions 11/21) 0,7 X 0,4 Non-ossifying Low 1+ 1 1
22 32/F Palate/Maxilla right (Regions 14/15) 1,1 x 07 Non-ossifying Low 1+ 1 1
23 56/F Maxilla 0,8 X 0,6 Non-ossifying Low 1+ 2 2
24 73/M Maxilla 0905 Non-ossifying Moderate 0 0 0
25 55/M Maxilla 25%x22 Non-ossifying Low 0 0 0
26 30/M Mandible right (Region 48) 0,9 X 0,5 Non-ossifying Low 0 [} 0
27 43/F Mandible left (Region 38) 0,4 x 0,4 Non-ossifying Low 0 0 0
28 40/M Maxilla right (Region 12) 0,5 %03 Non-ossifying Low 0 0 0

* This patient had two separate lesions removed at same time.
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Table 2
Clinicopathological features of non-gingival fibrous oral lesions (n = 28).
No Age/sex Site Size (cm) Type Cellularity SATB2% SATB2 intensity Total score
1 82/F Palate 0,3 0,3 Non-ossifying Moderate 1+ 1 1
2 77 M Top of the tongue 0,5 X 0,4 Non-ossifying Moderate 1+ 1 1
3 36/M Left tongue margin 1,0 X 0,5 Non-ossifying Moderate 1+ 1 1
4 48/M Oral cavity unspecified 0,4 x 0,4 Non-ossifying Moderate 1+ 1 1
5 61/M Tongue 0,3 0,3 Non-ossifying Moderate 1+ 1 1
6 76/M Left tongue 0,9 x 0,4 Non-ossifying Moderate 1+ 1 1
7 72/F Hard palate 1,2 X 0,7 Non-ossifying Low 1+ 1 1
8 55/M Top of the tongue 0,4 %X 0,3 Non-ossifying Low 1+ 1 i)
9 66/M Left 1/3 of the tongue 1,2 %07 Non-ossifying Low i+ 1 1
10 25/F Tongue 0,4 X 0,3 Non-ossifying Low 1+ 1 1
11 48/M Tongue 0,3 %03 Non-ossifying Low 1+ 2 2
12 39/F Oral cavity unspecified 1,4 x 1,5 Non-ossifying Moderate 0 0 0
13* 44/F Right mouth angle 0,6 X 0,5 Non-ossifying Moderate 0 0 0
14* 44/F Left mouth angle 0,7 x 0,5 Non-ossifying Moderate 0 0 0
15 60/F Right buccal mucosa 0,7 X 0,7 Non-ossifying Moderate 0 0 0
16%* 55/M Right palate 0,8 x 0,3 Non-ossifying Low 0 0 0
17%* 55/M Right palate 1,0 X 0,3 Non-ossifying Low 0 0 0
18 65/M Lower lip 0,6 X 0,5 Non-ossifying Low 0 0 0
19 77/F Right mouth angle 0,5 x 0,4 Non-ossifying Low 0 0 0
20 70/F Palate 20x1,5 Non-ossifying Low 0 0 0
21 47/M Lower lip 0.7 X 0,6 Non-ossifying Moderate 0 0 0
22 44/M Right buccal mucosa 0,6 X 0,5 Non-ossifying Low 0 0 0
23 65/M Soft palate 0,5 % 0,3 Non-ossifying Low 0 0 0
24 51/F Palate 0.4 x 0,3 Non-ossifying Moderate 0 0 0
25 50/M Mouth angle 1,1 x 0,7 Non-ossifying Low 0 0 0
26 44/F Right palate 03 % 0,2 Non-ossifying Low 0 0 0
27 48/F Right mouth angle 0,5 x 0,3 Non-ossifying Low 0 0 0
28 59/F Right buccal mucosa 1,1 X 0,6 Non-ossifying Low 0 0 0

* & ** these two patients had two separate lesions removed at the same time.
3.2. Non-ossifying gingival peripheral oral fibroma (n = 18)

Affected were 11 women (61%) and 7 (39%) men; the average age
was 49.4 years (range, 15-73 years). Ten cases were localized in max-
illa, 7 in the mandible and one case in gingiva not specified. The lesion
size ranged from 0.4-2.5 cm (mean, 0.9 em).

Histologically, non-ossifying gingival POFs were identical to their
ossifying counterparts, but they lacked a bony component. SATB2 im-
munohistochemistry showed very strong to moderate nuclear positivity
in 8 (44%) cases (Fig. 1F). Five cases revealed weak SATB2 expression
and another 5 were negative. The total SATB2 score was in the range of
“0to 9”.

3.3. Fibrous lesions from other non-gingival oral sites (traumatic fibromas &
fibroepithelial polyps; n = 28)

Table 2 shows the clinical and histological features of the non-gin-
gival oral fibrous lesions (traumatic fibromas/ fibroepithelial polyps).
Affected were 13 women (46%) and 15 (54%) men; the average age was
55.8 years (range 25-82years). Eight cases were localized in the
tongue, 7 cases in palate, 7 cases in the lip and mouth angle and 5 cases
in the buccal mucosa and oral cavity not specified. The lesion size
ranged from 0.3-2.0 cm (mean, 0.7 cm).

Histologically, these lesions showed polypoid localized fibrous no-
dules composed of coarse collagen fibers entrapping interspersed fi-
broblastic stromal cells and small vessels (Fig. 2A, B). The covering
mucosa was frequently hyper-/parakeratotic (Fig. 2A). No bone for-
mation or psammomatous calcified bodies were seen. SATB2 im-
munochistochemical staining showed moderate nuclear positivity in one
case from the tongue (3%); 10 cases showed weak SATB2 expression
and 17 cases were negative. The total SATB2 score was in the range of
“0 to 2” (Fig. 2 C, D).

3.4. Correlation of SATB2 expression in POF with site and histological type

Overall, strong to moderate diffuse SATB2 immunoreactivity was

detected in 10/10 (100%) ossifying, 8/18 (44%) non-ossifying gingival
POF, and 1/28 (3%) non-gingival oral fibromas.

4. Discussion

Ossifying and non-ossifying POF of the gingival and alveolar mucosa
are very similar lesions except for the presence of a mature metaplastic
bony island/ component in the ossifying variant [1,2,16,17]. On the
other hand, the non-ossifying variant is essentially comparable to other
nodular fibrous oral lesions in the spectrum of traumatic fibroma and
fibroepithelial polyps, both being composed of paucicellular to mod-
erately cellular fibrous connective tissue covered by squamous mucosa
with frequently variable hyper-/parakeratotic changes. Clinical ap-
pearance/site is the major distinguishing feature of the gingival (fibrous
epulis-like) POF versus similar nodular fibrous lesions from other oral
cavity sites, It is generally accepted that these lesions, irrespective of
their name and location, are induced by persistent mechanical injury
and other type of irritation [3,4,18,19]. The main questions, why some
gingival lesions ossify while others do not, and why the non-gingival
fibrous counterparts never ossify, remain a subject of controversy.
Elanagai et al. studied the expression of osteopontin in the normal
gingival tissue and in different types of focal reactive lesions of the
gingiva including ossifying POF to explore its potential role in the de-
velopment of the bony component [20]. They found osteopontin ex-
pression in all cases of ossifying POF and suggested, that POF arises
from osteopontin expressing stromal cells — osteoblasts derived from the
periodontal ligament. However, the exact nature of the ossifying POF
and its relationship to the non-ossifying variant remained speculative,
some authors adopted the notion that these two lesions possibly re-
present different entities due to their different histological features in-
cluding the presence of a bony component in the ossifying type [20].

In the present study, we analyzed for the first time the two types of
gingival POF for expression of the osteoblastic differentiation marker
SATB2 in a trial to explain their inherent tendency to ossify and form a
mature bone and to address histogenesis and relationship between the
ossifying and the non-ossifying variant. Our study included as a control
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Fig. 1. Ossifying and non-ossifying gingival peripheral oral fibroma presents as a small polypoid lesion covered by hyperplastic mucosa (A) and composed of an
admixture of stromal and inflammatory cells (B: higher magnification of cellular stromal area). The stroma varies from sparsely fibrous (B) to fibromyxoid (C). The
bony component is frequently represented by a well-defined nidus-like bone island (D). Strong and diffuse SATB2 expression is seen in the peri- and intertrabecular
fibroblastic cells in ossifying lesions (E) and diffusely in stromal cells in non-ossifying POF (F).

group histologically comparable localized reactive nodular fibrous le-
sions from different sites of the oral cavity and the lips in the spectrum
of fibroepithelial polyps and traumatic fibromas.

All of ossifying and almost half of the non-ossifying gingival lesions
were strongly to moderately SATB2 positive. SATB2 is a transcription
regulator that directly binds osteoblast-associated genes to promote or
repress their expression. On the other side; SATB2 influences the ac-
tivity of transcriptional complexes and indirectly manages the expres-
sion of genes that are important in osteoblast maturation and differ-
entiation [3-12]. Frequent SATB2 expression in POF reported in this
study has not been described before. It indicates osteoblastic differ-
entiation of stromal component that is similar to and in line with the
reported osteopontin expression in reactive lesions of the gingiva
[21,22].

The etiology of gingival POF is still enigmatic. Iatrogenic and
traumatic factors such as tartar and chewing forces have been im-
plicated. Moreover, POF has been suggested to develop as a con-
sequence of periodontal ligament hyperplasia. Considering the etiology
of these lesions, another possible factor of POF development suggests
the irritation of the tissues surrounding the tooth and bone, which
might stimulate osteoblastic proliferation as a result of SATB2 gene
expression in the stromal cells of the periodontal ligaments. Lack of (no
more than weak or focal) expression of SATB2 in non-gingival fibrous
oral lesions contrasts with that in gingival counterparts and is in line

with the hypothesis that gingival lesions do originate from the peri-
odontal fibrous ligament which likely is composed of mesenchymal
cells primed to differentiate along the osteoblastic lineage. On the other
hand, other fibrous oral lesions represent localized increase in fibrous
tissue of the subepithelial stroma which is not related to the periodontal
ligaments or associated with underlying bone tissue. The lower fre-
quency of SATB2 expression in non-ossifying gingival POF (44%) is in
contrast with the uniform reactivity of SATB2 in all of the gingival
ossifying lesions. This suggests that ossifying lesions are likely more
advanced or are associated with higher osteoblastic activation sufficient
to produce mature bone.

SATB2 is positive in numerous malignant and benign head and neck
lesions such as osteosarcoma, osteoblastoma, giant cell tumor, fibrous
dysplasia and in epithelial neoplasms such as sinonasal intestinal-type
adenocarcinoma [8,23]. More recently, SATB2 expression was reported
to be consistently present in phosphaturic mesenchymal tumors in-
cluding head and neck cases, some of them may closely resemble cen-
tral giant cell granuloma [15]. Our current study adds to the list of
SATB2 expressing orofacial lesions and should be included in the dif-
ferential diagnosis, especially when expecting any osteogenic process or
osteoblastic neoplasm on biopsy. As it is sometimes tricky and chal-
lenging to identify and reliably assess crushed resection margins of fi-
broblastic osteosarcoma and giant cell granuloma of maxillofacial
bones, SATB2 expression in any polypoid intraoral lesions or biopsies
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Fig. 2. A: Non-gingival reactive fibrous nodular lesions from different sites of the oral cavity present as polypoid collagenized paucicellular fibrous tissue covered by
hyperplastic squamous mucosa. B: coarse collagen fibers admixed with a few cells and vessels. C: SATB2 is either negative (C) or only weakly and focally expressed
(D) in the non-gingival fibrous oral lesions. Single SATB2-positive cells are seen in the basal mucosa.

should be approached with caution to avoid over-interpretation as
meaningful neoplasm or positive margins.

In summary, this study highlights consistent expression of SATB2 in
ossifying and most of non-ossifying peripheral oral fibroma of the
gingival region of the maxilla and mandible in line with an origin from
periodontal ligament/fibrous tissue and explaining the inherent ten-
dency of these lesions to form bone. The question, why a subset of these
lesions does not ossify despite SATB2 expression remains enigmatic.
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ZAVER

Doktorskéd dizertacni prace uzavird postgradudlni studium z oboru patologie MUDr.
Banéckové Martiny. Vysledkem tfiletého studia je 5 prvoautorskych praci, které se tykaji
nadort hlavy a krku. Dale se autorka podilela jako spoluautor na 9 dalSich publikacich.
Vysledky vSech studii predstavenych v doktorské dizertaéni praci byly publikovany
v zahrani¢nich odbornych ¢asopisech s faktorem impaktu (IF).
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DOPLNKOVY MATERIAL

1.15 Vycet nadora sinonazalniho traktu dle WHO 2017 (7) — tabulka ¢. 1

Karcinomy

Keratinizujici dlazdicobunécény karcinom

Nekeratinizujici dlazdicobunéény karcinom

Vietenobunécny (sarkomatoidni) dlazdicobunéény karcinom

Lymfoepiteliani karcinom

Sinonazalni nediferencovany karcinom

NUT karcinom

Neuroendokrinni karcinom

Adenokarcinom

Adenokarcinom intestinalniho typu

Adenokarcinom ne-intestinalniho typu

Teratokarcinosarkom

Sinonazalni papilomy

Sinonazalni papilomy, invertovany typ

Sinonazalni papilomy, onkocytarni typ

Sinonazalni papilomy, exofyticky typ

Respiracni epitelialni 1éze

Respiracni epitelialni adenomatoidni hamartom

Seromucindzni hamartom

Nadory slinnych Zlaz

Plemorfni adenom

Maligni mékkotkanové nadory

Fibrosarkom

Nediferencovany pleomorfni sarkom

Leiomyosarkom

Rhabdomyosarkom

Angiosarkom

Maligni tumor z pochvy periferniho nervu

Bifenotypicky sinonazalni sarkom

Synovialni sarkom

Hranicni / low-grade maligni mékkotkafové tumory

Desmoidni fibromatoza

Sinonazélni glomangiopericytom

Solitarni fibrézni tumor

Epitelioidni hemangioendoteliom

Benigni mékkotkanové tumory

Leiomyom

Hemangiom

Schwannom

Neurofibrom

Ostatni nadory

Meningiom

Sinonazalni ameloblastom

Chondromezenchymalni hamartomy

Hematolymfoidni niadory

Extranodalni NK/T-bunééné lymfomy

Extraosealni plazmocytom

Neuroektodermalni / melanocytické tumory
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Ewing sarkom / primitivni neuroektodermalni tumory

Olfaktoricky neuroblastom

Mukozalni melanom
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1.16 Vycet nadoru slinnych zlaz dle WHO 2017 (7) — tabulka ¢. 2

Maligni nadory

Mukoepidermoidni karcinom

Adenoidné cysticky karcinom

Acinicky karcinom

Polymorfni adenokarcinom

Svétlobunéény karcinom

Karcinom z bazalnich bunék

Intraduktalni karcinom

Adenokarcinom, NOS

Salivarni duktalni karcinom

Myoepitelialni karcinom

Epitelidlné-myoepitelialni karcinom

Karcinom ex pleomorfni adenom

Sekreéni karcinom

Sebacedzni adenokarcinom

Karcinosarkom

Spatn¢ diferencovany karcinom

Lymfoepitelialni karcinom

Dlazdicobunéény karcinom

Onkocytarni karcinom

Sialoblastom

Benigni nadory

Pleomorfni adenom

Myoepiteliom

Adenom z bazalnich bunék

Warthinv tumor

Onkocytom

Lymfadenom

Cystadenom

Sialadenoma papilliferum

Duktalni papilom

Sebacedzni adenom

Kanalikularni adenom a ostatni duktalni adenomy

Non-neoplastické epitelidlni 1éze

Sklerdzujici polycystickd adendza

Nodularni onkocytarni hyperplazie

Lymfoepitelidlni sialoadenitida

Hyperplazie z vmezetenych dukti

Benigni mékkotkaiové 1éze

Hemangiom

Lipom/sialolipom

Nodularni fasciitida

Hematolymfoidni nadory

Extranodalni lymfom z plastové zony slizni¢ni lymfatické tkané (MALT lymfom)
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1.17 Molekularné genetické alterace nadori slinnych Zlaz — tabulka €. 3

Tumor Chromozomalni zména | Geny
inaktivace X-chromozomu
Sklerozujici polycystickd adendza PTEN ztrata funkce
PIK3CA a PIK3RI mutace
Pleomorfii adenom 8q12 translokace PLAGI faze
12q13-15 translokace HMGA?2 fize
8q12 translokace PLAGI fuze
Karcinom ex pleomorfni adenom 12q13-15 translokace HMGA?2 faze
12q15 amplifikace MDM?2, TP53 mutace
Epitelidlné-myoepitelialni HRAS mutace

karcinom

TP53, FBXW7, SMARBI (IN11) delece

Tubulotrabekularni adenom z
bazalnich bunék

CTTNBI mutace

Membrano6zni adenom z bazalnich
bunék

16q12-13 delece

CYLD LOH/mutace

Mukoepidermoidni karcinom

t(11;19)(q21;13)

CRTCI-MAML2

t(11;15)(q21;26)

CRTC3-MAML2

9p21.3 CDKN24 delece
TP53, HRAS/NRAS, cyclin D1/CDK mutace
17g21.1 ERBB2, EGFR, BRAF amplifikace
o 1o . PIK3CA, PTEN, RICTOR, AKTI1, AKT3 mutace
Salivarni duktalni karcinom .
Xql2 AR copy gain
9p21 CDKN2A4 homozygotni delece
MDM?2 amplifikace
t(6;9)(q22-23;p23-24) MYB-NFIB
Adenoidné cysticky karcinom t(8;9)(q13.1;p23-22.3) MYBLI-NFIB
MYC overexprese
t(12;15)(p13;925) ETV6-NTRK3
1(6;12) ETV6-RET
t(12;7)(q13;q931) ETV6-MET
Sekre¢ni karcinom ETV6-NTRK3 s ETV6-MAML3
VIM-RET
ETV6-NTRK3 s MYB-SMR3B
t(5;2) CTNNAI-ALK
Svétlobunécny karcinom t(12;22)(q21;912) EWSRI-ATF1

Polymorfni adenokarcinom a

PRKDI mutace

t(1;14)(p36.11;q12)

ARIDIA-PRKDI

2 , . t(X;14)(p11.4;q12) DDX3X-PRKD]
kribriformni adenokarcinom 191332 PRKD2 rearanse
2p21 PRKD3 rearanze

t(10;10)(q11.22;q11.21) NCOA4-RET

t(10;6)(p22.5;q11.21) TRIM27-RET

Intraduktalni karcinom

TUTI-ETVS, KIAA1217-RET

HRAS, TP53, PIK3CA, SPEN, ATM mutace

Acinicky karcinom

%(4,9)(q13;931)

HTN3-MSANTD3
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1.18 Molekularné genetické alterace nadort sinonazalniho traktu — tabulka

¢. 4
Tumor Chromozomalni zména Geny
Chondromezenchymalni hamartom DICERI mutace
t(15;19)(q14;p13.1) NUTM1-BRD4
NUT karcinom t(15;9)(q14;p34.2) NUTM1-BRD3
t(15;8)(q14;11.23) NUT-NSD3 (WHSCILI)
PAX3-MAML3
Bifenotypicky sinonazalni sarkom PAX3-FOXO!I
PAX3-NCOAI

Adenokarcinomy intestinalniho a
ne-intestinalniho typu

TP53, KRAS, BRAF, EGFR
mutace

CDKN2A alterace

Synovialni sarkom

t(X;18)(plliqll)

SYT-SSX

Desmoidni fibromatoza

CTNNB1, APC mutace

Sinonazalni glomangiopericytom

CTNNBI1 mutace

Solitarni fibrozni tumor t(12;12)(q13.3;13) NAB2-STAT6
T . . t(1;3)(p36;925) WWTRI-CAMTAI
Epithelioidni hemangioendoteliom t(11:X)(q13:p11.22) YAPI-TFE3

Seromucindzni hamartom

¢aste¢na alelicka ztrata

inaktivace X-chromozomu

Nové diskutovana jednotka

SMARCBI (INI1) deficientni
karcinom

SMARCBI homozygotni/
heterozygotni delece
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1.19 Diferencialni diagnéza SFT — tabulka ¢. 5

NADOR

‘ IMUNOHISTOCHEMIE

GENETIKA

PRIMARNI NADORY:

Meningotelialni/Fibrézni meningiom

pozitivni — EMA, somatostatin receptor
2A
negativni — STAT6, CD34, ALDHI

mutace NF2, AKT]
Delece 9p21 (CDKN2A4) a
dalsi

Epitelioidni hemangioendoteliom

pozitivni — ERG, CD31, CD34,
CAMTAL, TFE3 (mala ¢ast)
negativni — STAT6

WWTRI-CAMTAI, YAPI-
TFE3 (mala cast)

Nasofaryngealni (juvenilni)

pozitivni — B-catenin, AR, SMA

Mutace v f-catenin genu

angiofibrom negativni — STAT6
pozitivni — S100 protein )
. (sustentakularni bunky), chromogranin, mutace: VHL, RET, NF1,
Paragangliom SHDA-SDHB, TREM 127,

synaptophysin
negativni — STAT6, CD34

MAX

Sclerozujici epitelioidni fibrosarkom

pozitivni — MUC4 (80%), EMA
negativni — STAT6, CD34

EWSRI-CREBLI, FUS-
CREB3L2, YAP-KMT2A

Biphenotypicky sinonazalni sarkom

pozitivni — S100 protein, SMA, mala
cast - desmin, myoegenin, MyoD1
negativni — STAT6

\PAX3-MAML3, PAX3-
FOXOI, PAX3-NCOA1

Glomus tumor

pozitivni — SMA, h-caldesmon
negativni — STAT6

MIR143-NOTCH, BRAF
V60OE

Protuberujicic
dermatofibrosarkom/Obrovskobunéény
fibroblastom

pozitivni — CD34
negativni — STAT6

COLIAI-PDGFB

pozitivni — MDM2, CDK4, mtiZe byt i

Dediferencovany liposarkom STAT6 MDM?2 a CDK4 amplifikace
pozitivni —cytokeratiny, EMA, TLE],
Synovialni sarkom SYT, SSX SYT-SSX

negativni — STAT6

Nodularni fasciitida

Pozitivni — SMA
Negativni — STAT6

Fuze genu USP6 s mnoha
rliznymi partnery

Nediferencovany pleomorfni sarkom

vzacng€ STAT6 pozitivni spiSe
cytoplazmaticky

Komplexni molekularni
aberace

SEKUNDARNI NADORY:

Hladkosvalové tumory

pozitivni — SMA, desmin
negativni — STAT6

Lobularni karcinom prsu

pozitivni — cytokeratiny, GATA3,
Mammaglobin, GCDFP-15
negativni — STAT6

LG a HG endometrialni stromalni
sarkom

pozitivni — variabilni CD10, ER, PR,
cast je BCOR pozitivni (mtize byt iu
SFT)

negativni — STAT6

LG: JAZF1-SUZI12, PHFI-
JAZF1, EPCI-PHF I,
MEAF6-PHF 1

HG: YWHAE-NUTMZ2A/B,

rearanze BCOR genu
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